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In 1987, Congress authorized a 5 year $150 million dollar research programcalled
the Strategic Highway Research Program (SHRP). SHRP was divided intofour major
areas, including the asphalt research program.The asphalt research program was divided
into six major research contracts, one such contract, SHRP-003A wascalled Performance
Related Testing and Measuring of Asphalt Aggregate Interaction and Mixtures.Oregon
State University performed the portion of this contract related to thedevelopment and
validation of accelerated test procedures for aging, low temperature cracking,and
moisture sensitivity of asphalt-aggreagte mixtures. This thesis contains fiveindependent
papers that discuss elements of the development,validation, and or implementation of
these accelerated test procedures.
In the first paper, the relationship between field performance and laboratoryaging
properties of asphalt-aggregate mixtures is discussed, including the relativeimportance of
asphalt binder and aggregate type on the amount of aging experience. Based on thiswork
recommended aging procedures are presented to simulate different environmental
conditions and pavement age.The second paper makes use of the large body of resilient modulus data conducted
as part of the SHRP research effort to compare data obtain in the diametral and the
triaxial mode. It is not possible to give a relationship between triaxial and diametral
resilient modulus, without describing specimen geometry and other test conditions.
The third paper discusses the effect of aging on the thermal cracking properties of
asphalt-aggregate mixtures. The temperature at which aging occurs affects the way cold
temperature fracture properties change with time. Low temperatures result in quenching
of the aging process, while high temperatures result in continued aging.
The fourth paper discusses work conducted in association with the Oregon
Department of Transportation to extend the environmental conditioning system (ECS)
test procedure for moisture assessment to open graded mixtures. Comparison in the ECS
of mixtures with and without anti-strip agents added indicates that they don't always
decrease moisture damage potential.
The final paper presents a discussion of asphalt chemistry and its relationship to
asphalt-aggregate mixture performance. Using the SHRP asphalt model, aging and low
temperature performance data collected at Oregon State University is explained.©Copyright by Julie E. Kliewer
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1.0 Introduction
The Strategic Highway Research Program (SHRP) was authorized by the United
States Congress in 1987. SHRP grew out of recommendations contained in
Transportation Research Board's (TRB) Special Report 202, America's Highways:
Accelerating the Search for Innovation. The authorizing legislation provided $150
million over five years for this research program. The research effort was divided into
four major areas: asphalt, long term pavement performance, highway operations and
concrete and structures. The work described in this thesis was conducted as a part of, or
as an out growth of the SHRP asphalt research program.
The objective of the asphalt research program was identified in Special
Report 202 as follows:
"To improve pavement performance through a research program that will
provide increased understanding of the chemical and physical properties of
asphalt cements and asphalt concretes."
The products of this program were to
"...be performance based specifications for asphalt, with or without
modifications, and the development of an asphalt-aggregate mixture
analysis system (AAMAS)."2
These products specifically were to address the distress mechanisms of permanent
deformation, fatigue cracking, low temperature cracking, and the effects of aging and
moisture sensitivity on these distress mechanisms.
The asphalt research program was divided into six major research contracts
addressing different issues in asphalt research. One such contract SHRP A-003A, was
called Performance Related Testing and Measuring of Asphalt Aggregate Interaction and
Mixtures. The objectives of this contract were to validate in asphalt-aggregate mixtures
the relationships between the physical and chemical properties of asphalt binders and
asphalt pavement performance; and to develop standardized, accelerated test procedures
that can be used in a mixture design and analysis system to support performance based
specifications for asphalt-aggregate mixtures.
Oregon State University was a sub-contractor to the University of California at
Berkeley, on the SHRP A-003A contract, charged with the development and validation of
accelerated test procedures for aging, low temperature cracking, and moisture sensitivity
of asphalt-aggregate mixtures. Each chapter in this work represents an independent paper
prepared to discuss elements of the development, validation, and or implementation of
these accelerated test procedures that were not documented elsewhere.
Chapter two discusses the relationship between field performance and laboratory
aging properties of asphalt aggregate mixtures. Included is a discussion of the relative
importance of asphalt binder and aggregate type to the amount aging experienced in these
mixtures.3
Chapter three discusses the results of resilient modulus (MR) testing of
asphalt-aggregate mixtures conducted in the diametrial and the triaxial modes. This work
makes use of the large body of data collected as a part of SHRP and represents testson
mixtures prepared using a range of materials and compaction levels.
Chapter four discusses the effect of aging on the low-temperature cracking of
asphalt-aggregate mixtures. This work is based on a small data set using limited
combinations of asphalt, aggregate, and aging conditions. Although limited inscope, it
suggests generalization that can be made about low-temperature cracking of aged
asphalt-aggregate mixtures.
Chapter five discusses work done in conjunction with the Oregon Department of
Transportation (ODOT) to extend the environmental conditioning system (ECS) test
procedure for moisture sensitivity assessment to open graded mixtures (SHRP was
limited to dense graded mixtures). This implementation effort was in response to
difficulties encountered with using existing mixture acceptance moisture sensitivity test
procedures for open grade mixtures.
Chapter six discusses elements of asphalt chemistry and how they affect the
performance of asphalt-aggregate mixtures. This chapter explains aging and low
temperature performance data collected at Oregon State University in terms of the SHRP
asphalt model.
The final chapter presents overall conclusions and recommendations related to the
development of the performance based test procedures for asphalt mixtures discussed in
this thesis.4
Chapter 2
Investigation of the Relationship Between Field Performance and Laboratory Aging
Properties of Asphalt Mixtures
Julie E. Kliewer, Chris A. Bell, and Dan A. Sosnovske
Submitted to American Society for Testing and Materials, for presentation at
Symposium on Engineering Properties of Asphalt Mixtures and the Relationship to
Performance and for publication in Special Technical Publication 1265,
December 1994.5
2.1 INTRODUCTION
The development and validation of laboratory aging procedures to simulate short-
and long-term aging for asphalt-aggregate mixtures was undertaken as part of the
Strategic Highway Research Program (SHRP) project A-003A at Oregon State University
(OSU). This work has been previously described by Bell, Wieder, and Fellin (1994), Bell
et al. (1994) and Bell and Sosnovske (1994). The purpose of this paper is to summarize
those aspects of the work that relate to relationship between field performance and
laboratory aging of asphalt mixtures.
The recommended laboratory procedure for short-term aging is to heat the loose
mix in a forced draft oven for 4 hours at a temperature of 135°C. This short-term oven
aging (STOA) simulates the aging of the mixture during the construction process and
early life.
The recommended laboratory procedure for long-term aging of the compacted
mixture is to heat the compacted specimens in a forced draft oven at 85°C. This
long-term oven aging (LTOA) simulates the aging of the mixture in service. An aging
period of 2 days appears representative of young projects of up to 5 years old. An aging
period of 4 or 5 days is recommended to simulate projects about 10 years old. Different
environmental zones are accommodated by changing the aging period. Low modulus
mixtures may require an alternate long-term aging method such as low pressure oxidation
(LPO) by passing oxygen through the compacted specimens while they are confined in a
triaxial cell (Bell and Sosnovske, 1994).6
Two testing programs were conducted to thoroughly evaluate the recommended
methods and establish their validity. The first program, designated laboratory validation
(discussed in detail by Bell and Sosnovske (1994) and, by Sosnovske et al.(1993))
involved tests on laboratory prepared mixture specimens using 8 different asphalts and 4
different aggregates. The second program, designated field validation (discussed in detail
by Bell, Wieder, and Fe llin (1994)), involved tests on laboratory prepared mixtures and
field cores from 20 projects varying from 0 to 19 years old.
2.2 EXPERIMENT DESIGN
2.2.1Laboratory Validation Program
Eight different asphalt types and four different aggregates were used to develop 32
mixture combinations. The materials used for this testing program were selected from
those stored at the SHRP Materials Reference Library (MRL). The aggregates used
represent a broad range of aggregate characteristics, from a high absorption crushed
limestone to a river run gravel. The asphalts used cover a broad range of sources and
grades. The materials used are described in Table 2-1. Laboratory specimens were
prepared with target air voids of 8±1 percent.
Four different long-term aging procedures were examined: low pressure
oxidation (LPO) at 60°C and 85°C for five days, long-term oven aging (LTOA) at 85°C
for five days, and LTOA at 100°C for two days. All long-term aged specimens were first7
short-term aged at 135°C for 4 hours before compaction. Only the data from STOA and
LTOA at 85°C will be reported herein, since these are the methods recommended for use.
TABLE 2-1: Materials Used.
Aggregate Asphalt
Code Description Code Grade
RC
RD
RH
RJ
Limestone (high absorption), basic
Limestone (low absorption), basic
Greywacke, acidic
Conglomerate, acidic
AAA-1
AAB-1
AAC-1
AAD-1
AAF-1
AAG-1
AAK-1
AAM-1
150/200
AC-10
AC-8
AR-4000
AC-20
AR-4000
AC-30
AC-20
2.2.2Field Validation Program
This program was designed to compare the performance of laboratory aged
mixtures with that of field projects. Twenty projects were considered that represented
"new," "young" and "old" pavements and a range of climatic regions. Projects were
selected, in part, based on the availability of retained asphalt and aggregate, mix design
information, and cooperation from the controlling agency for field coring. The target air
voids for each laboratory specimen was the field air void content ±1 percent. The details
of this program are described by Bell, Weider, and Fellin (1994). Table 2-2 summarizes
some basic data for each site.TABLE 2-2: Summary of Field Validation Sites.
a) New Projects
b)
Site and
Project Number
Construction
Date
Asphalt
Grade
Asphalt
Content
N*
Admixture Climate
Stag Hollow - Wapato Road, #913 1990 AC-15 6.2 None Wet-No Freeze
Butter Creek - Old Oregon Trail, #816 1990 AC-15 5.9 None Dry Freeze
Rock Cr - Anlauf, #852 1990 AC-20 5.3 PBS Wet-No Freeze
Lobert, #874 1990 AC-15 5.8 Lime Dry Freeze
Young Projects
8
Site and
Project Number
Construction
Date
Asphalt
Grade
Asphalt
Content
( %)*
AdmixtureAve. Air
Voids
( %)
Climate
Arizona SPS-5 (AZ5) 1990 AC-40 4.7Type II PC4.3 Dry-No Freeze
Arizona SPS-6 (AZ6) 1990 AC-20 4.6 Lime 4.8 Dry-Freeze
California AAMAS Batch (CAB) 1989 AR-4000 5.6 6.3 Dry-Freeze
California AAMAS Drum (CAD) 1989 AR-4000 4.5 6.0 Dry-Freeze
Califomia GPS-6 (CAG) 1991 5.2 5.6 Dry-No Freeze
French A Section 1986 40/50 Pen 5.9 6.5 Dry-No Freeze
French B Section 1986 40/50 Pen 5.9 - 6.5 Dry-No Freeze
French C Section 1986 40/50 Pen5.9 6.5 Dry-No Freeze
Georgia AAMAS (GAA) 1989 AC-30 43 Lime 7.6Wet-No Freeze
Michigan SPS-6 (MI6) 1990 AC-I0 5.6 Flyash 4.1 Wet-Freeze
Minnesota SPS-6 (MN6) 1990 5.6 5.6 Wet-Freeze
Wisconsin AAMAS (WIA) 1989 200/300 Pen5.3 Recycle33 Wet-Freeze
Old Projects
Site and
Project Number
Construction
Date
Asphalt GradeAsphalt
ContentN*
AdmixtureAverage
Air Voids
( %)
Climate
SR-14,'1801 1973 85/100 Pen 6.0 None 6.6 Wet-no freeze
SR-522, #6048 1977 AR-4000W 5.7 None 6.0 Wet-no freeze
SR-I67, #6049 1972 85/100 Pen 5.8 None 3.2 Wet-no freeze
SR-12, #1002 1988 AR-4000W 5.9 None 4,4 Dry-freeze
US 97, #1006 1982 AR-4000W 5.3 PBS 5.1 Dry-freeze
US 195, #1008 1978 AR-4000W 6.0 PBS 7.1 Dry-freeze
US 195, #6056 1986 AR-4000W 6.2 PBS 4.6 Dry-freeze
* By weight of total mix9
The four "new" sites located in Oregon were used to validate STOA. Laboratory
mixtures were subjected to 0, 4 or 8 hours of STOA at 135°C prior to compaction. The
modulus of compacted laboratory mixtures was compared with that obtained for
compacted field produced materials.
The nine "young" projects and seven "old" projects were all subjected to four
hours of STOA at 135°C. Long-term oven aging was then conducted at either 85°C for 0,
2, 4 or 8 days, or, at 100°C for 0, 1, 2 and 4 days. Only the data for STOA and LTOA at
85°C will be reported herein. Both sets of projects served to validate the recommended
short-term aging and long-term aging methods.
2.3 AGING METHODS
2.3.1Laboratory Validation Program
2.3.1.1 No Aging
Three specimens were prepared, by compacting immediately after mixing, to
represent an "unaged" condition. These specimens were prepared in the same manner as
all others except that they were not short-term aged. As soon as mixing was complete,
the specimens were placed in an oven and brought to the proper equiviscous temperature
for that mix. The specimens were then compacted using a California Kneading
Compactor. An equiviscous temperature of 665 ± 80 centistokes was adopted by the10
SHRP A-003A researchers for all specimens compacted using the California Kneading
Compactor.
2.3.1.2 Short-Term Aging
All specimens except the unaged specimens were subjected to short-term aging.
The short-term aging procedure subjected the loose mixture to a four hour curing period
in a forced draft oven at 135°C prior to compaction. During the curing period, the loose
mixture is spread in a pan at a rate of approximately 21 kg per square meter. The mixture
is stirred and turned once an hour to ensure uniform aging throughout the sample. After
the short-term aging, the samples were brought to the equiviscous temperature of
665 ± 80 centistokes and compacted using a California Kneading Compactor.
2.3.1.3 Long-Term Oven Aging
Long-term oven aging was used to simulate field aging. The procedure is carried
out on compacted specimens after they have been subjected to short-term oven aging.
The compacted specimens were placed in a forced draft oven at 85°C for five days.
Alternatively, a temperature of 100°C for two days was used. After the aging period, the
oven was turned off and left to cool to room temperature before removing the specimens.
The specimens were not tested until at least 24 hours after removal from the oven.11
2.3.2 Field Validation Program
The aging methods used were the same as those described for the laboratory
validation project, however, different aging times were used as described below:
2.3.2.1 Short-Term Aging
In addition to STOA at 135°C for 4 hours, mixtures were also subjected to 8 hours
of STOA at 135°C ("New" projects only).
2.3.2.2 Long-Term Oven Aging
In this program, LTOA at 85°C was conducted for 0, 2, 4 and 8 days. For the
laboratory validation program, only 5 days was used. For LTOA at 100°C, this program
used 0, 1, 2 and 4 days of aging. The laboratory validation program used only 2 days.
2.4 EVALUATION METHODS
The resilient modulus was determined at 25°C using the diametral (indirect
tension) (ASTM D 4123) and the triaxial compression modes of testing with a 0.1 second
load time at a frequency of 1 Hz. A constant strain level of 100 microstrain was
maintained throughout the test.
Only the results of the resilient modulus data for the diametral mode of testing
will be summarized here. The diametral modulus data showed less variability than the12
triaxial modulus data; approximately ± 10% compared to ± 15% for the triaxial modulus
data. This difference can be attributed, in part, to the relatively short specimen used
(10.2 cm) in the triaxial mode. Details of the data for both diametral and triaxial modes of
testing have been presented by Bell, Wieder, and Fellin (1994), and by Bell and
Sosnovske (1994). For the field validation program many of the field cores were of
insufficient height to enable triaxial modulus to be determined.
2.5 RESULTS
2.5.1Laboratory Evaluation Program
2.5.1.1 Calculation of Modulus Ratio
To analyze the effects of short- and long-term aging on asphalt-aggregate mixtures
the aging ratio was determined. To compute this ratio, a measure of the unaged modulus
was needed to compare to the modulus from the aged specimens. For each mixture, three
specimens were prepared without being subjected to STOA, instead, these specimens
were compacted as soon as they could be brought to the proper compaction temperature.
These specimens were said to be in an "unaged" condition and each specimen was tested
for resilient modulus in both the diametral and the triaxial mode.
Variability of the unaged modulus was ignored in the computation of the modulus
ratio and in any subsequent statistical analysis. In all but a few cases, the unaged
specimens were found to have a somewhat different air void level than the STOA13
specimens. Typically, the unaged specimens had about one percent lower air voids than
the STOA specimens. The difference in air voids resulted from a failure to adjust the
compactive effort to account for the reduced stiffness of the unaged mixture. This made
it necessary to adjust the modulus values of the STOA specimens to correspond to the
same air void level as the unaged specimens in order to compute a meaningful aging
ratio.
To make this adjustment, the relationship between modulus and air voidswas
considered for the unaged specimens over the entire data set. It was found that,on the
average, the modulus decreased 100 MPa for each 1 percent increase in air voids.
Knowing this and the average modulus and air void level for each combination, the
unaged modulus at any void level could be estimated.
2.5.1.2 Short-Term Aging Results
The diametral modulus ratios (STOA diametral modulus divided by unaged
diametral modulus) by asphalt are shown for each of the four aggregates by the dark bars
in Figure 2-1. The asphalt showing the greatest aging (in terms of diametral modulus
change) has the highest ratio.4
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(After Bell and Sosnovske, 1994).
2.5.1.3Long-Term Aging Results
The modulus ratios (long-term aged diametral modulus divided by adjusted
unaged diametral modulus) for LTOA at 85°C are shown by asphalt in ranking order in
Figure 2-1 by the light bars15
2.5.2Field Validation Program
2.5.2.1 New Projects
Figure 2-2 shows a typical result from this phase of the field validation. The field
modulus value was measured on cores taken from the in-service pavement. The
intersection of the value of modulus for the field material with the laboratory data gives
an estimate of the amount of STOA needed to represent short-term aging in the field.
Similar data were obtained for each of the four "new" projects. The range of STOA times
to age the laboratory specimens to equal those from the field ranged from 4.5 hours to
over 12 hours. A STOA procedure of 4 hours was selected for future use. This is
consistent with that recommended by Von Quintus et al. (1991), and is deliberately
conservative (with respect to amount of aging) because it was found that specimens
became difficult to compact after longer periods of STOA.
2.5.2.2 Young Projects
A statistical analysis of the moduli for field cores and laboratory specimens was
done to determine which of the laboratory treatments most closely matched the field
aging for each site. Both Tukey and LSD (least significant difference) multiple
comparison approaches were used. The LSD approach was favored, because it produces
tighter confidence intervals, allowing differences to be better detected. The LSD method
is commonly used when planned comparisons are made, as in this study, with several16
treatments being compared to the field (Ramsey and Schafer, 1990). Only examples and
summaries of the LSD analyses are presented here.
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FIGURE 2-2: Short-Term Oven Aging at 135°C (ODOT #816).
Figures 2-3 and 2-4 illustrate the LSD statistical analyses performed on the young
and old projects respectively. The vertical lines plotted are the confidence intervals and
the horizontal lines are the means, for each set of diametral resilient modulus values. Any
aging treatment with a confidence interval that does not include any of the field
confidence interval is considered to be statistically different from the field. This might
result in one or more aging treatments being different from field aging; i.e. in Figure 2-3,
the "unaged" treatment is different from the field mean, and in Figure 2-4, all treatments
are different from the field mean. The computer program Statgraphics was used to
construct these plots. Table 2-3 summarizes the results for young and old sites17
respectively for long-term oven aging at 85°C and 100°C by listing the aging treatments
with means not significantly different from the field mean.
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FIGURE 2-4: 95% LSD Comparison for an Old Project.
(WA #1008 for LTOA at 85°C)18
TABLE 2-3: Comparison of Aging Treatment Means and Field Means.
a) "Young" Projects
Site Age
Aging Treatments with Means 'Not Significantly
Different" from Field Mean
85°C 100°C
AZ SPS-5 (AZ5)
AZ SPS-6 (AZ6)
CA Combined (CAC)
CA GPS-6 (CAG)
French Combined (FRC)
GA AAMAS (GAA)
MI SPS-6 (MI6)
MN SPS-6 (MN6)
WI AAMAS (WIA)
6 months
Few months
> 2 years
Few months
5 years
2 years
6 months
1-1/2 years
>3 years
STOA, LTOA 2,4,8
UNAGED, STOA
UNAGED
STOA
LTOA 8
NONE
STOA
UNAGED, STOA, LTOA 2
LTOA 2, 4
LTOA 1, 2, 4
UNAGED, STOA
UNAGED
STOA
NONE
NONE
STOA, LTOA 1, 2
UNAGED, STOA, LTOA 1
LTOA 2
b) "Old" Projects
Site Age (yr)
Aging Treatments with Means 'Not Significantly
Different" from Field Mean
85°C 100°C
1801 18 LTOA 8 NONE
6048 14 STOA, LTOA 2,4, 8 STOA, LTOA 1*, 2,4
6049 19 LTOA 4, 8 LTOA 4
1002 3 STOA STOA
1006 9 NONE NOT TESTED
1008 13 NONE NONE
6056 5 LTOA 2, 4 LTOA 1*, 2
*Not modulus tested, but assumed to fall within the field LSD interval.
Key:
LSD = Least Squared Difference
STOA = Short Term Oven Aging
LTOAi = Long Term Oven Aging for i days
NONE = All of the aging treatments are significantly different from the field mean.19
2.6 ANALYSIS OF RESULTS
2.6.1 Laboratory Evaluation Program
2.6.1.1 Short-Term Aging Of Asphalt-Aggregate Mixtures
The data presented in Figure 2-1 suggests that mixture aging susceptibility is
aggregate dependent. However, the effect of the asphalt is more significant. The
rankings of the eight asphalts based on short-term aging (Figure 2-1) vary with aggregate
type. Table 2-4a presents the rankings numerically and shows where groups of asphalts
are statistically similar using Waller groupings (Waller and Kemp, 1976). In particular,
asphalt AAK-1 moves around in the rankings, showing relatively little aging with
aggregates that are basic (RC and RD) and relatively high aging with the aggregates that
are acidic (RH and RJ).
2.6.1.2 Long-Term Aging Of Asphalt-Aggregate Mixtures
The data for long-term aging (Figure 2-1) support those for short-term aging, i.e.,
they also suggest that aging is aggregate dependent, as well as, asphalt dependent.
Table 2-4b presents the rankings numerically and shows where groups of asphalt are
statistically similar, using Waller groupings (Waller and Kemp, 1976). Note, there
appears to be more differentiation among asphalts following long-term aging than
following short-term aging.20
TABLE 2-4: Rankings of Modulus Ratio by Aggregate.
a) Short-Term Oven Agin
Aggregatemore susceptible Ranking less susceptible
RC D>B>C>A>G>M>F>K
1.59 1.35 1.34 1.28 1.53 1.52 1.58 1.39
RDG>A>B>C>D>F>K>M
1.62 1.61 1.14 1.03 1.56 1.55 1.53 1.44
RHC>K>>D>B>A>M>G>F
1.97 1.36 1.32 1.26 1.78 1.72 1.70 1.70
RJD>A>B>C>K>G>F>M
2.18 1.93 1.58 1.24 1.24 1.47 1.45 1.30
B) Long -Term Oven Aging at 85°C.
Aggregatemore susceptible Ranking less susceptible
RCD>B>A>C>M>G>K>F
3.43 2.95 2.95 2.49 2.41 1.96 1.90 1.89
RD A>D>B>G>F>C>K>M
2.78 2.48 2.04 2.01 2.00 1.51 1.83 1.56
RH A>D>C>B>G>K>M>F
3.26 2.84 1.67 1.41 2.65 2.63 2.13 2.05
RJ D>K>A>B>C>M>F>G
3.58 2.88 2.80 2.31 1.86 1.73 1.67 1.52
Note: Waller groupings of statistically similar behavior are underscored. A,B,C,D,F,G,K, & M
represent asphalt codes, AAA-1, etc. given in Table 2-1. Numerical values, e.g.. 1.59, are ratios
of aged to unaged diametral moduli.21
2.6.1.3 Comparison Of Mixture Aging With Asphalt Aging
Aging of asphalt cement was investigated by the SHRP A-002A contractor
(Anderson, et al., 1994). Data for original (tank), thin film oven (TFO) aged, and
pressure aging vessel (PAV) aged asphalt have been presented in several A-002A reports.
These routine data were summarized by Christensen and Anderson (1992). As with
mixture aging data, the asphalt aging data can be used to calculate an aging ratio based on
the aged viscosity at 60°C compared to the original viscosity at 60°C. The asphalts can
be then ranked in order of aging susceptibility.
Short-Term Aging: Table 2-5 shows rankings for mixtures based on short-term
aging and the asphalt rankings based on thin film oven (TFO) aging. It should be noted
that TFO aging is analogous to short-term mixture aging, and that (as with mixture
rankings), the difference between some asphalts is not statistically significant.
Nevertheless, it is clear that there is little relationship between the mixture rankings and
the asphalt rankings. The major similarity is that asphalt AAM-1 is one of the two "best"
asphalts in both the mixture and asphalt short-term aging. A major difference is that
asphalt AAK-1 is ranked one of the two "worst" from asphalt TFO aging and among two
of the "best" if STOA aging with aggregates RC and RD is considered.
Long-Term Aging: Table 2-6 shows the rankings for mixtures based on LTOA
at 85°C, and, rankings for asphalt developed from the data reported by Christensen and
Anderson (1992). Also summarized are rankings developed from data reported by
Anderson et al., (1994), for asphalt recovered from "mixtures" of single size fine
aggregate and asphalt subjected to aging in the pressure aging vessel (PAV).22
TABLE 2-5: Comparison of Rankings for Short-Term Aging Mixtures
and for Asphalt Alone.
Ranking of Asphalt (by Aggregate)
A-003A' A-002A2
RC RD RH RJ Ave.
Ranking
None
Most susceptible
Least susceptible
D
B
C
A
G
M
F
K
G
A
B
C
D
F
K
M
C
K
D
B
A
M
G
F
D
A
B
C
K
G
F
M
D
A
C
B
K
G
F
M
D
K
F
C
B
A
M
G
'Based on short-term aging ratios from diametral modulus.
2Based on data reported by Christensen and Anderson (1992) for TFO aged asphalts.
As with the short-term aging comparisons, there is little similarity between the
rankings for long-term aging of asphalt mixtures and asphalt alone. In fact, there is even
less similarity, since, asphalt AAM-1 appears to have more susceptibility to long-term
aging in the PAV than it does in the TFO, (relative to the other asphalts) and has moved
in the rankings.
There is more similarity between the rankings based on mixture aging and those
based on the data for fine aggregate mixtures developed by the A-002A contractor.
However, the rankings are different as indicated in Table 2-6.23
TABLE 2-6: Comparison of Rankings for Long-Term Aging of Mixtures and Asphalts.
Rankings of Asphalts (by Aggregate)
A-003A1 A-002A2 A -002A3 A-002A4
RCRDRHRJAve.
Rank
None RD RJ RD
Most susceptible
Least susceptible
DA
BD
AB
C
M
GC
K
F
G
F
K
M
A
D
C
B
G
K
M
F
DD
K
AB
BC
C
MG
F
G
A
K
M
F_G
D
F
M
K
C
B
A
F
M
D
C
A
K
G
B
D
B
F
C
M
A
K
G
F
M
C
D
G
A
B
K
1Based on long-term aging ratios from diametral moduli for LTOA at 85°C.
'Based on data for TFO-PAV aging (Christensen and Andersen, 1992).
3Based on PAV aging at 60°C for 144 hours. Prior short-term aging (Anderson, et al., 1994).
'Asphalt alone was subjected to TFO aging prior to mixing and PAV aging (Anderson, et al., 1994).
2.6.1.4 General Discussion
The aggregate in an asphalt-aggregate mixture does not affect the oxidation
(production of oxidative products such as carbonyl and sulfoxide) of an asphalt (Jones,
1992; Curtis et al., 1993). However, aging of the mixture (as measured by stiffness) is
affected by the aggregate. Jones (1992) explains this by saying: "The viscosity of a given
asphalt at a given time and temperature is a function of the molecular weight and the
network that has been formed among the groups of polar molecules. How the polar
networks form is a function of their environment, in this case the aggregate." The
difference in rankings between mixtures and asphalt, based on either short-term or24
long-term aging data support this statement and indicate the need for mixture testing to
evaluate the aging susceptibility of a mixture. Clearly, the aging of the asphalt alone, or
in a fine aggregate mixture, is not an indicator of how a mixture will age because the
environment is different.
The influence of the aggregate on mixture aging appears to be related to the
chemical interaction of the aggregate and the asphalt as suggested by Jones (1992). This
interaction may be related to adhesion; the greater the adhesion, the greater the mitigation
of aging. The mixture aging rankings given in Tables 2-5 and 2-6 suggest this
hypothesis, since the rankings are similar for the two "basic" aggregates (RC and RD) and
for the two "acidic" aggregates (RH and RJ). Some of the asphalts rank similarly
regardless of the aggregate types, whereas others (such as AAG-1 and AAK-1) behave
very differently according to the aggregate types. It is known that asphalt AAG-1 was
lime treated in the refining process and it is therefore rational that it would exhibit good
adhesion and reduce aging tendency with the "acidic" aggregates (RH and RJ) such as
indicated by the short-term aging data. However, the rankings of asphalt AAG-1 for
long-term aging do not appear to be influenced by aggregate type.
Attempts were made to predict the aging behavior of an asphalt-aggregate mixture
(relative to other mixtures) by considering the acidity or basicity of the asphalt and of the
aggregate. The percent acid components (weak acids plus strong acids) and the percent
base components (weak base plus strong base) were determined for each asphalt using
asphalt property data from the MRL. It was hypothesized that asphalts with a high
percentage of acid components would age less with the basic aggregates than the acidic25
aggregates and the reverse would be true for asphalts with a high percentage of basic
components. Although there appears to be some tendency for this to be true, this simple
hypothesis could not be validated by the available data, in part, because the experiment
was not designed with this in mind.
2.6.2Field Validation Program
Figures 2-5, 2-6, and 2-7 are summaries of the statistical analysis for young and
old projects. They show aging treatments which were similar to the field, and also show
where the average field modulus lies relative to the average modulus for each of the aging
treatments. The age of each site is also noted, and the sites are grouped according to
climatic region. Since the three French sections utilized the same asphalt grade (but
different suppliers) and were subjected to the same traffic and environmental conditions,
the data from those sites were combined. The same was done for the California Asphalt
Aggregate Mixture Analysis System (AAMAS) sites, where both drum and batch plants
were used.
Figures 2-5 and 2-6 indicate and Table 2-3 shows, that for the "young" projects,
five of the seven sites between 0-2 years old had field means that were at least statistically
similar to the STOA aging treatment. Two of the five also had field moduli similar to
unaged specimens. The two sites that were not similar to STOA (Georgia and California
AAMAS) had field cores which came from weak or damaged pavements. This resulted
in field moduli equal to or lower than the unaged specimens. This data further validates26
the preliminary study conclusion that 4 hours of STOA at 135°C is a good estimate of
short-term aging since "young" projects exhibited similar levels of aging. The two oldest
sites in this group of "young" projects, Wisconsin (3 years) and France (5 years), required
short-term and long-term oven aging to match the field modulus average.
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Figure 2-7 and Table 2-3 show that five of the "old" sites required at least 8 days
of long-term oven aging to match the field modulus mean. Sites 1006 and 1008 (9 and
13 years old) in a Dry-Freeze portion of Washington, had field moduli that were
significantly higher than any of the aging treatments. The youngest site 1002 (3 years)
required only STOA to match the field, while the 5 year old site 6056 had a field modulus
similar to 2 and 4 days of 85°C aging.28
2.7 CONCLUSIONS AND RECOMMENDATIONS
2.7.1Conclusions
The following conclusions can be drawn from the results of this study:
1) The aging of asphalt-aggregate mixtures (as measured by the change in
resilient modulus) is influenced by both the asphalt and aggregate.
Aging of the asphalt alone, and subsequent testing does not appear to
be an adequate means of predicting mixture performance, with respect
to aging, because of the apparent mitigating effect aggregate has on
aging.
2) The aging of certain asphalts is strongly mitigated by some aggregates,
but not by others. This appears to be related to the strength of the
chemical bonding (adhesion) between the asphalt and aggregate.
3) The short-term aging procedure produces a change in resilient modulus
of up to a factor of two. For a particular aggregate, there is not a
statistically significant difference in the aging of certain asphalts. The
eight asphalts investigated typically fell into three groups, i.e., those
with high, medium and low aging susceptibility.
4) Based on the study of "new" and "young" field sites, 4 hours of oven
aging at 135°C appears representative of the short-term aging which
occurs in the field during mixing and placement. This is also
representative of young projects less than two years old.29
5) Two days of long-term oven aging at 85°C is representative of
pavement up to five years old, depending on the climate.
6) Four days of oven aging at 85°C appears to be representative of field
aging of about 15 years in a Wet-No Freeze zone and about 7 years in a
Dry-Freeze zone.
7)It was not possible to develop guidelines for Wet-Freeze or Dry-No
Freeze zones, because no projects of sufficient age could be located.
8) 100°C oven aging for 1, 2, and 4 days achieves similar stiffness to
85°C aging for 2, 4, and 8 days, but may damage the samples in the
process. 85°C aging is considered to be more reliable.
2.7.2 Recommendations
The following recommendations may be made from the results of this study:
1) Continued monitoring of field projects is needed, particularly for Dry-
No Freeze and Wet-Freeze zones. Increasing the number of sites and
the total number of specimens prepared will facilitate the use of
regression analysis to develop prediction models. The sites selected
should have in-service lives ranging from 1 to 20 or more years to
encompass all long-term aging in the field. A reduction in the 95
percent confidence intervals found with the LSD analyses would30
improve the correlation of the laboratory procedures with the age of
the field cores.
2) The field validation study addressed validation of the 4 hour at 135°C
Short-Term Oven Aging and the Long-Term Oven Aging at 85°C and
100°C. One additional method for Long-Term Aging was developed
at OSU and deserves additional validation study. This is Low Pressure
Oxidation (LPO) at 85°C. This approach may be necessary for
mixtures with relatively low modulus. The aging effects of Low
Pressure Oxidation been evaluated in the development of alternate
laboratory aging procedures by Bell and Sosnovske (1994). The
pressures involved are not high enough to pose safety problems.
3) Further work is required to determine how aggregate influences aging
in an asphalt-aggregate mixture using an appropriately designed
experiment.
4) The aging behavior of recycled mixtures, mixtures with modified
binders, and open graded mixtures should be investigated.
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Chapter 3
A Comparison of Diametral and Triaxial Resilient Modulus Results for Asphalt
Concrete Mixtures
Julie E. Kliewer and Chris A. Bell
Prepared for Consideration for Presentation and Publication at the 1995 Annual
Meeting of the Transportation Research Board, January 1995.34
The resilient modulus (MR) is used increasingly to predict the behavior of asphalt
concrete (AC) mixtures under moving wheel loads and as an input to pavement design
procedures. Several methods of determining resilient modulus have been developed
because of differences in opinion about pavement modeling, and to allow for the testing
of field cores that are limited in height by the lift thickness. Although the different
methods are often used interchangeably, they may not give the same results. This work
considers the relationship between two of the commonly used procedures, triaxial
compression and indirect diametral tension using data from the Strategic Highway
Research Program (SHRP) Project A-003A work on aging, moisture sensitivity, and
stiffness of asphalt aggregate mixtures. A wide range of materials and several variations
of test procedures are represented by this work.
3.1 PREVIOUS WORK
A number of procedures have been developed for the determination of resilient
modulus including: direct tension, beam flexure, indirect diametral tension, and triaxial
compression (Vinson, 1989). It is clear that the resilient modulus of an AC mixture is a
function of the specimen configuration and mode of testing (Schmidt,1972;Mamlouk
and Sarofim,1988;Von Quintus et al.,1982).Mamlouk and Sarofim(1988)suggest that
the triaxial or diametral resilient modulus be used in the case where the asphalt concrete
is assumed to be linear elastic, and that the triaxial resilient modulus is more appropriate
when non-linearity must be considered. The discussion that follows considers the
relationship between the diametral resilient modulus and the triaxial resilient modulus.35
Comparisons of the MR values determined using direct compression (triaxial) and
diametral methods were made by Schmidt (1972). Schmidt tested 102 mm (4-in.)
diameter by 203 mm (8-in.) tall specimens using the direct compression method, then
tested 64 mm (2.5-in.) thick slices from the same specimens using the diametral method.
This work showed that there was good agreement between methods when a Poisson's
ratio of 0.35 was assumed for the diametral tests. There is also some indication, from
Schmidt's work, that the relationship between the triaxial and the diametral MR is
dependent on the applied stress level. The diametral MR was relatively unaffected by the
applied stress level, but the triaxial MR decreased with increases in the applied stress.
Thus, at lower applied stress levels, the diametral MR (for Poisson's ratio of 0.35) is
greater than the triaxial MR and is the opposite at higher applied stress levels.
Von Quintus, et al. (1982) compared the stiffness of asphalt concrete mixtures as
determined by several different test procedures including the repeated load indirect tensile
test (diametral MR) and the repeated load compression test (triaxial MR) with and without
confinement. A wide range of materials were tested ranging from dense graded hot mix
asphalt concrete to open graded asphalt base courses. Their results indicate that, at low
temperatures, there is little difference between the moduli determined by compression
testing without confinement and those from indirect tension testing. As the test
temperature increased (greater than about 16°C), the indirect tensile test results ranged
from 1.5 to 10 times greater than those from the unconfined compression test.36
3.2 DATA CONSIDERED
As part of the Strategic Highway Research Program (SHRP) Project A-003A,
three sets of data were generated that allow comparison of the diametral (indirect tension,
ASTM D4123) and the triaxial compression (ASTM D3497) modes of testing. Two of
these data sets were generated at Oregon State University (OSU) as part of work
investigating the aging (Sosnovske, et al., 1993) and the moisture sensitivity (Allen,
1993; Al-Swailmi, 1992) of asphalt-aggregate mixtures. The third data set was generated
at the University of California, Berkeley (UCB) as part of work investigating the stiffness
of asphalt-aggregate mixtures (Tayebali, et al., 1993). Each of these data sets considered
a range of materials, specimen preparation and test conditions as described below.
3.2.1 SHRP Aging Data Set (OSU)
The SHRP aging data included specimens consisting of eight different asphalt
types and four different aggregates selected from the SHRP Materials Reference Library
(MRL). This combination of materials represents a broad range of asphalt (grades and
sources) and aggregate types. The aging specimens were subjected to a range of aging
conditions including: no aging, short term oven aging (STOA), low pressure oxidation
(LPO) at 60°C (140°F) and 85°C (185°F), and long term oven aging (LTOA) for 5 days at
85°C (185°F) and 2 days at 100°C (212°F). All long term aged specimens were short
term aged prior to compaction. Details of the aging procedures are described by
Sosnovske, et al. (1993). The resulting matrix contained data for eight asphalts by four37
aggregates by five aging methods by two replicates (unaged specimens had three
replicates). In addition, the long term aged specimens were tested both before and after
aging. The unaged data subset included 349 specimens (tested diametrally and triaxially)
and the aged data subset included 254 specimens (tested diametrally and triaxially).
Specimens were nominally 102 mm (4-in.) in diameter by 102 mm (4-in.) in
height. The resilient modulus was determined at 25°C (77°F) in the diametral and in the
triaxial compression modes on the same specimen. The tests were conducted with strain
controlled at 100 p.t-strain, using a loading time of 0.1 sec and a frequency of 1 Hz. on a
closed loop hydraulic system.
The specimen geometry is not considered ideal for testing in the triaxial
compression mode, where it is generally accepted that the height to diameter ratio should
be 2 to 1. However, because these specimens were to be conditioned (aging or water) tall
specimens were impractical. The effect of using these shorter specimens on the triaxial
MR was investigated by Al-Swailmi (1992). Al-Swailmi compared the triaxial MR for
102 mm (4 in.) diameter specimens 64, 127, and 203 mm (2.5, 5.0, and 7.0 in.) tall. This
work indicates that there is a higher triaxial MR for specimens 64 mm (2.5-in.) tall
compared to specimens 127 mm (5-in.) tall, then the MR levels off with increasing
specimen height, Figure 3-1. This implies that the triaxial MR determined for specimens
102 mm (4-in.) in height will be slightly higher than for specimens the standard 203 mm
(8-in.) in height.38
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FIGURE 3-1: Effect Of Specimen Height On Triaxial Resilient Modulus.
(After Al-Swailmi, 1992)
3.2.2 SHRP Moisture Sensitivity Data Set (OSU)
The SHRP moisture sensitivity data included specimens from materials retained
from twelve construction projects around the country. The specimens were prepared
using a variety of compaction methods and compactive effort. Details of the materials
used and the specimen preparation method are contained in Allen (1993).
Specimens were nominally 102 mm (4 in.) in diameter by 102 mm (4 in.) in
height. The MR was determined in the diametral and the triaxial compression modes.
The moduli were determined using the same procedures and equipment as in the aging
experiment. In addition, the triaxial MR was determined stress controlled (275 kPa) on a
servo-hydraulic system and strain controlled in a pneumatic test system that is part of the39
Environmental Conditioning System (ECS). Each data subset contained 64 specimens
(tested diametrally and triaxially).
3.2.3 SHRP Mixture Stiffness Data Set (UCB)
The SHRP mixture stiffness data set included specimens constructed of materials
from the MRL. Data are available for a test program that evaluates mixtures using two
asphalts, two aggregates, two asphalt contents, and two levels of compaction. In addition,
the tests were conducted at two frequencies, two stress levels, and four temperatures
(Tayebali, et al., 1993). For the purposes of this paper, only testing conducted at 20°C
(68°F) was considered, because it most closely matched the test temperature of the other
data sets. This work did not subject the same specimen to both diametral and triaxial MR,
as with the two OSU data sets, instead it prepared two different specimens that were
matched in void content for comparison of test methods. This allowed the specimens
tested triaxially to be prepared with a height to diameter ratio of 2:1, i.e. 102 mm (8 in.)
by 203 mm (4 in.). Details of the test program and materials are contained in Tayebali, et
al. (1993). The data set contained 256 specimens (128 matched pairs).
3.3 COMPARISON OF DIAMETRAL AND TRIAXIAL RESILIENT MODULUS
The relationship between triaxial MR and diametral MR was determined to be
linear on a log-log plot for each of the data sets considered. A linear relationship on the
arithmetic scale is not appropriate because the difference between the moduli increases as40
the magnitude of the moduli increases. Figure 3-2 illustrates the three data sets. It
appears from these plots that there is a relationship between diametral MR and triaxial MR.
The weakest relationship is for the stiffness (UCB) data set, probably because the tests
were performed on different (but matched), rather than the same specimens.
The SAS® statistical system was used to test the significance of these
relationships. The correlation between ln(diametral MR) and ln(triaxial MR) was found be
significant for all the data subsets considered (Table 3-1). As expected, the weakest
correlation is for the stiffness data set, which is based on matched specimens. A reduced
correlation was also determined after the significant variable effects were removed. The
reduced correlation was determined by correlating the residuals of models for
ln(diametral MR) and ln(triaxial MR). The reduced correlation was only significant for the
aging data, suggesting that the model fitting did a good job of explaining the moduli. The
significant reduced correlation for the aging data suggests that there is a significant
variable not identified in the models that is present in the paired data. The results of the
reduced correlation indicates that the use of paired data is effective to reduce variation.
Results of this analysis are summarized in Table 3-1.
The effect of explanatory variables on the relationship between triaxial and
diametral MR was also investigated. The ideal situation would be for the relationship to
be constant regardless of specimen. This possibility was examined by generating a model
for the log of the ratio (for each data set) excluding explanatory variables and with no
intercept. This results in an estimate for the ratio of triaxial MR to diametral MR as shown
in Table 3-2.20,000
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TABLE 3-1: Correlation Analysis.
Data Set
(subset)
Corr
In DIA to
In TRI
p-value
Model
In diametral MR
Model
In triaxial MR Reduced
Corr
significant
variables
le significant
variables
le
aging 0.924aggregate 0.90aggregate 0.81 0.694
(unaged)p<0.001asphalt
agg*asphalt
aging
asphalt*aging
asphalt
agg*asphalt
aging
p<0.001
aging 0.891aggregate 0.91aggregate 0.88 0.610
(aged) p<0.001asphalt
agg*asphalt
agmg
asphalt
agg*asphalt
aging
p<0.001
moisture 0.929site 0.99site 0.96 0.044
sensitivity
(stress
control)
p<0.001comp.method
site*comp
comp effort
p9.730
moisture 0.933 site 0.96 0.149
sensitivityp<0.001 comp. method p0.240
(strain
control)
moisture 0.916 site 0.97 -0.049
sensitivity
(pneumatic
system)
p<0.001 comp. method
comp effort
site*c effort
p4J.701
stiffness 0.705aggregate 0.90aggregate 0.98 0.244
p<0.001asphalt
asphalt cont
agg*asph*acon
voids
asphalt*voids
asph*acont*void
agg*asp*ac*void
asphalt
agg*asphalt
asphalt cont
voids
agg*voids
asph*voids
acont*voids
agg*ac*voids
asp*ac*voids
agg*asp*ac*void
prj,.15043
TABLE 3-2: Ratio of Triaxial MR to Diametral MR Estimates.
Data set
( subset)
Triaxial MR R2 *
Diametral M.
aging
(imaged) 1.26 0.62
aging
(aged) 1.29 0.65
moisture sensitivity
(stress control) 1.19 0.34
moisture sensitivity
(strain control) 1.18 0.34
moisture sensitivity
(pneumatic) 1.24 0.37
stiffness 0.75 0.42
*For comparison of model with the ratio triaxial MR to diametral MR equal to 1.
It is apparent from these results that there are additional factors which affect the
relationship between triaxial and diametral MR.To determine whether the relationship
can be improved, an analysis of variance (ANOVA) with the log of the ratio of the
triaxial MR to the diametral MR as the dependent variable was conducted for each data set.
The results of this are summarized in Table 3-3.
The final relationship investigated was whether the relationship between triaxial
MR and diametral MR are different for different data sets (i.e. differences in test
procedures and test equipment). The estimates for the ratio of triaxial MR to diametral
MR presented in Table 3-2 indicate that there is a significant difference between the data44
set from UCB when compared with the data sets from OSU. Because each data setuses
different mixture and test procedure variables it is only possible tocompare without
explanatory variables. In addition, it was considered whether the subsets of each data set
were significantly different. This analysis was conducted using the SAS® General Linear
Modeling (GLM) procedure.
TABLE 3-3: ANOVA Results.
Data set
(subset) n
Significant
Variables R2
Mean
Square
Error
aging
(Imaged) 349
aggregate
agg*asphalt
aging
0.34 0.027
aging
(aged) 254
aggregate
aging 0.61 0.026
moisture
sensitivity
(stress control)
64
none
0.68 0.061
moisture
sensitivity
(strain control)
64
site*comp effort
0.75 0.044
moisture
sensitivity
(pneumatic)
64
none
0.78 0.055
stiffness 128
aggregate
agg*asphalt
asphalt cont
agg *asp *ac
voids
agg*ac*voids
agg*asp*ac*voids
0.84 0.02245
The GLM results suggest that, within a data set, the subsets are not significantly
different with respect to the relationship between triaxial MR and diametral MR.
However, as expected, significant differences were found between the data sets. The
results of the GLM analysis for the model In triaxial MR=13(ln diametral MR) is
summarized in Table 3-4. There is a statistically significant difference between all three
data sets.
Table 3-4: Comparison of Data Sets.
Data Set Estimate of
13=1n (Tri MR/ Dia MR)
Std. Error of
Estimate
(Tri MR/ Dia MR)
AGE 0.241 0.009 1.27
ECS 0.186 0.166 1.20
UCB -0.293 0200 0.75
3.4 DISCUSSION
There is very clearly a difference in relationship between the UCB and the OSU
data. This difference is not unexpected because of the differences in the sample
geometry. The UCB data indicate that diametral MR is larger than triaxial MR, while the
OSU data indicate the opposite trend, by a similar magnitude. The specimen geometry
used by OSU is expected to result in a larger value for triaxial MR, than would be
obtained using taller specimens. The relationship between specimen height and triaxial
MR reported by Al-Swailmi (1992) is not large enough to explain the differences between46
the OSU and UCB data, leading to the conclusion that there are other test factors, not
identified, affecting the relationship. It is worth noting that Von Quintus, et al. (1982),
using a specimen geometry similar to UCB, also reported that (similar to UCB) diametral
MR is larger than triaxial MR, but by a much larger magnitude.
The difference in the relationship between the two OSU data sets is less clear.
Although the 13's have a statistically significant difference, there are a large number of
data points present, consequently, small standard errors can lead to a statistically
significant difference where it is not practically significant, given the precision of the test
methods. In this case, the difference between the predicted lines relating triaxial and
diametral MR for the aging and the moisture sensitivity data sets is less than 10 percent.
For practical purposes, this difference is not significant, so the relationship between
triaxial MR and diametral MR may be considered the same for all of the OSU data. This
suggests that it is possible to develop a relationship between moduli for a given set of
procedures.
The data considered suggest that there is a relationship between the triaxial MR
and the diametral MR. The relationship appears to be affected by the materials being
tested as well as by the test procedures. Models fit to each data set show that the asphalt
and aggregate have a significant effect on the relationship between triaxial MR and
diametral MR. Even so, for a given set of test procedures, it appears that a practical
relationship exists (within the precision of the test procedures) that allows prediction of
one modulus given the other.47
3.5 CONCLUSIONS
Based on the data presented the following conclusions are made:
1)At the temperatures considered, and for the test procedures
considered, there is a statistically significant relationship between the
diametral MR and the triaxial MR.
2) The relationship between measured diametral MR and triaxial MR is a
function of test conditions. It is suggested that the vast differences
between the relationship as determined by the UCB data, and by the
OSU data, are largely due to differences in sample geometry.
3)It is not possible to give a relationship between triaxial MR and
diametral MR without describing the test conditions. However, for
given conditions a practical relationship does appear to exist. This
relationship can be improved by consideration of specimen materials.
4) These data reaffirm that it is very important to identify the specimen
geometry, especially height to diameter ratio, and mode of loading
used to measure resilient modulus before using it to draw conclusions.
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The Effect of Aging on Low-Temperature Cracking of Asphalt-Aggregate Mixtures
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4.1 INTRODUCTION
Low-temperature cracking of asphalt concrete pavements is attributed to tensile
stresses that develop as the temperature drops to extremely low levels. As the pavement
cools to low temperatures it tends to contract, this contraction is resisted by friction
between the pavement and base layer. If the thermally induced tensile stress equals the
strength of the asphalt concrete a micro-crack will develop and grow under repeated
temperature cycles.
Thermal cracking in asphalt concrete pavements influenced by several factors
broadly categorized as material, environmental, and pavement structure geometry
(Vinson, et al., 1989; Jung and Vinson, 1993a and 1993b). Among the environmental
factors affecting thermal cracking is pavement age. The older the pavement, the greater
the incidence of thermal cracking. This is associated with the increase in stiffness of the
asphalt cement with age and with the increasing probability, with time in service, of the
occurrence of more extreme low temperatures (Vinson, et al., 1989).
4.2 PURPOSE
The research described herein was part of the Strategic Highway Research
Program (SHRP) Project A-003A Performance-Related Testing and Measuring of
Asphalt-Aggregate Interactions and Mixtures. The purpose of A-003A was to (1)
develop accelerated mixture performance test procedures to be incorporated into standard
design specifications, and (2) validate the relationships between asphalt binder properties51
and pavement performance. The purpose of this study, a subtask of A-003A, was to
investigate the effect of aging and changes in asphalt type, aging temperature, and air
voids on the thermal cracking characteristics of asphalt concrete mixtures.
4.3 TEST PROCEDURES
The thermal stress restrained specimen test (TSRST) is as an accelerated test of
the resistance of asphalt-aggregate mixtures to thermal cracking. The TSRST was
developed at Oregon State University as part of the Strategic Highway Research Program
(SHRP) contract entitled Performance-Related Testing and Measuring of
Asphalt-Aggregate Interactions and Mixtures. The TSRST measures the
low-temperature thermal stress characteristics, tensile strength, and fracture temperature
of asphalt mixtures. The test may include multiple temperature cycles. Details of the test
procedure, its development, and its validation are presented in Jung and Vinson (1994a
and 1994b) and Kanerva, et al. (1994).
In the TSRST procedure, a beam or cylindrical specimen is mounted in a load
frame and subjected to cooling at a constant rate. A feedback loop is utilized that senses
specimen contraction using linear variable displacement transducers (LVDTs) and
responds by using a screw jack to stretch the specimen back to its original length. The
specimen is effectively held at a constant length, resulting in the development of
thermally induced tensile stresses. Throughout the test elapsed time, temperature,
deformation, and tensile load are recorded. The TSRST system and procedure
specifications are given by Jung and Vinson (1994b).52
Typical results for the TSRST test are shown in Figure 4-1. The thermally
induced stress gradually increases with decreases in temperature. The slope of the
thermally induced stress versus temperature curve, dS/dT, increases until it reaches a
maximum value. At colder temperatures, dS/dT becomes constant and the
stress-temperature curve is linear. The curve is divided into relaxation and non-relaxation
parts by the transition temperature. Below the transition temperature, drops in
temperature cause the asphalt to become stiffer without relaxation of the thermally
induced stresses. At some point, the induced tensile stresses equal the strength of the
specimen and it fails. The stress at the break point is referred to as the fracture strength
and it has a corresponding fracture temperature (Jung and Vinson, 1993b).
Fracture Strength
rn
c7)
2
E
0
(20)
Fracture
Slope = dS/dT
dS
Transition
Temp.
I emp
Stress Relaxation
(15) (10) (5)
Temperature ( °C)
0
FIGURE 4-1: Typical TSRST Results (after Jung and Vinson, 1993a).53
4.4 TEST PROGRAM
4.4.1 Experimental Design
The test program was developed to evaluate the effect of long-term aging on the
low-temperature cracking properties of asphalt-aggregate mixtures using the TSRST.
Two groups of specimens were tested. Group 1 was prepared to investigate the effect of
asphalt type and aging temperatures. Group 2 was prepared to investigate the effect of air
voids. The test variables and materials employed are shown in Table 4-1.
TABLE 4-1: Experiment Design.
Design Variables Group 1 Group 2
Asphalt Type 4 (AAA-1, AAA-2,
AAC-1, AAC-2)
2 (AAG-1, AAK-2)
Aggregate Type 1 (RB) 1 (RB)
LTOA Temperature 2 (50°, 85° C) 1 (85°C)
LTOA Time 4 (0, 5, 25, and 100
days)
4 (5, 21,50, 90)
Air Voids Content 1 (8%) 2 (4%, 8%)
Rate of Cooling 1 (10°C/hr) 1 (10°C/hr)
4.4.2 Materials
The asphalts and the aggregate used in this investigation were selected from the
SHRP Materials Reference Library (MRL). The aggregate used was designated RB by
the SHRP MRL. This aggregate is a crushed granite from California that is angular in54
shape with a rough surface texture. This aggregate is considered a non-stripper. The
asphalt cements used in Group 1 were designated AAA-1, AAA-2, AAC-1, and AAC-2;
the asphalt cements used in Group 2 were designated AAG-1 and AAK-2. Asphalt
grades and crude sources are summarized in Table 4-2.
TABLE 4-2: Asphalt Cements Used.
MRL Code Crude Oil SourceViscosity/Penetration
Grade
SHRP PG
Grade
AAA-1 Lloydminster 150/200 PG58-28
AAA-2 200/300 PG46-34
AAC-1 Redwater AC-8 PG58-16
AAC-2 AC-5 PG58-28
AAG-1 CA Valley AR-4000 PG58-10
AAK-2 Boscan AC-10 PG58-28
4.4.3 Sample Preparation
The mixtures were prepared with a well-graded aggregate and a 5.0% asphalt
content. Beams 15 x 15 x 40 cm (5.5 x 5.5 x 16 in.) were compacted from these mixtures
using a California kneading compactor.Four 5.7 cm (2.25 in.) diameter cylinders were
then cored from each beam for Group 1; four 5 x 5 x 25 cm (2 x 2 x 10 in) specimens
were sawn from each beam for Group 2. The cylinders and beams were then subjected to
aging in a forced draft oven at 50°C (122°F) or 85°C (185°F) for from 0 to 100 days.55
4.5 RESULTS
4.5.1 Aging At 50°C
The change in fracture temperature and fracture strength with aging at 50°C are
shown in Figure 4-2 and 4-3 and summarized in Table 4-3 (complete TSRST results are
in Appendix A). Aging of asphalt-aggregate mixtures causes the stiffness and the indirect
tensile strength to increase and the strain at yield to decrease (Bell and Sosnovske, 1994).
Changes in the TSRST fracture temperature and the fracture strength with aging depend
on the relative importance of these changes. In general, the fracture temperature
increased and fracture stress decreased with aging. The rate of change appears to be high
initially and then levels off. The results for fracture temperature appear to be more
repeatable, than the results for fracture stress. This is consistent with the repeatability of
TSRST results reported by Jung and Vinson (1993a), where the repeatability for fracture
temperature was considered excellent and for fracture strength was considered
reasonable.
4.5.2 Aging At 85°C
The change in fracture temperature and fracture strength with aging at 85°C are
shown in Figure 4-4 and 4-5 for Group 1 and in Figure 4-6 and 4-7 for Group 2. Both
groups are summarized in Table 4-4 (complete TSRST results arein Appendix A). In
general, the fracture temperature increased and the fracture strength decreased with
increased aging time.. Although, the rate of change in fracture temperature or fracture56
strength decreases with aging, it does not level off, except for asphalt AAG-1, as seen in
the 50°C aging results.
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TABLE 4-3: Summary of Average TSRST Results,
Aging at 50°C.
Asphalt Aging @
50°C
(days)
Average
Fracture
Temperature
(°C)
Average
Fracture
Strength
(MPa)
AAA-1 0 -33.3 3.44
5 -31.5 3.12
25 -27.9 2.45
100 -27.3 2.77
AAA-2 0 -36.7 2.94
5 -36.3 3.32
25 -35.5 3.32
100 -32.6 2.91
AAC-1 0 -25.8 2.88
5 -22.2 2.67
25 -21.3 2.40
100 -21.0 2.48
AAC-2 0 -28.2 3.04
5 -24.2 2.91
25 -23.6 3.47
100 -24.6 3.1258
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TABLE 4-4: Summary of Average TSRST Results,
Aging at 85°C.
Asphalt Aging @ 85°C
(days)
Average
Fracture
Temperature
(°C)
Average
Fracture
Strength
(MPa)
AAA-1 0 -33.3 3.44
5 -26.7 2.12
25 -23.8 2.59
100 -11.5 1.34
AAA-2 0 -36.7 2.94
5 -33.9 2.96
25 -29.0 2.90
100 -12.1 1.33
AAC-1 0 -25.8 2.88
5 -22.7 2.58
25 -17.8 2.49
100 -11.1 1.55
AAC-2 0 -28.2 3.04
5 -22.6 2.24
25 -17.0 1.78
100 -11.7 1.49
AAG-1
(Low Voids
21 -11.6 1.60
50 -12.7 2.00
AAG-1
(High voids)
90 -10.5 1.20
AAK-2
(Low voids)
5 -26.9 2.52
21 -25.3 2.36
50 -21.4 2.59
90 -12.2 1.72
AAK-2
(High voids)
5 -29.4 2.36
21 -22.7 2.18
90 -13.1 1.9461
4.6 DISCUSSION
The SHRP asphalt model describes asphalt as being divided into two broad
classes of materials: polar and non-polar "solvent" molecules (Jones, 1992). The polar
molecules form strong associations by polar-polar and hydrogen bonding creating
organized structures within the continuous phase of the non-polar materials. The amount
of association of the polar components varies from asphalt to asphalt. The interactions or
associations between asphalt molecules are weak and can be easily broken under the
action of heat or shear (Jones, 1992; Robertson, 1991).
Increased temperature decreases the polar molecule associations causing the
material to be more dissociated and less viscous. Reduction in temperature causes the
opposite effect. At very low temperatures (below 0°C), the non-polar materials also
organizes (Robertson, 1991).
Thermal cracking occurs in a pavement when the molecular network becomes too
stiff and loses its ability to deform elastically because of cold temperatures. The resulting
cracks at some point become too large to heal and progressively work through the
pavement layer. The temperature at which this occurs is dependent on binder
composition and aging history.
At low temperatures, the non-polar materials begin to move into a more structured
organization resulting in brittleness that is subject to cracking under stress. In addition, in
some asphalts, this increased organization of the non-polar and low polarity components
results in significant shrinkage at low temperatures (Robertson, 1991).62
Changes in the binder that increase stiffness will raise the temperature at which
thermal cracking occurs. Oxidative aging causes a permanent hardening by adding polar
components to the structured zones in the binder. As a result, as pavements age they
become more susceptible to thermal cracking.
4.6.1 Effect Of Aging Temperature
Oxidation or oxidative hardening causes an asphalt binder to become stiffer and,
as a result, the material should become more susceptible to thermal cracking. The
temperature at which oxidation occurs can impact the way the asphalt structures and the
rate at which the asphalt stiffens. Figure 4-8 shows typical plots of log viscosity versus
oxidation time for high and low aging temperatures. In general, at high temperatures this
plot is essentially a straight line and at low temperatures the rate of viscosity increase
decreases with time resulting in a hyperbolic plot (Petersen, 1990).
According to Petersen (1990), the temperature effect on aging is explained by
considering the structure of the asphalt. At low aging temperatures, the polar molecules
remain relatively well associated, so they are less able to react with atmospheric oxygen.
In fact, the polar molecules are rapidly immobilized because of the systems low thermal
energy resulting in a "quenching" of the system as seen in the low aging temperature
curve of Figure 4-8. At high aging temperatures, the relatively high thermal energy of the
system allows the polar molecules to be largely unassociated. Because of this, oxidation
is free to continue, resulting in the high aging temperature curve of Figure 4-8. Because63
of differences in the structure of asphalts, the aging temperature that causes high
temperature behavior is variable.
Oxidative Aging Time
FIGURE 4-8: Typical Effects of Temperature on Oxidative Aging of Asphalts
(After Petersen, 1990).
The effect of temperature on aging over time is clearly evident in the results of
this study. If the amount of aging is represented by the TSRST fracture temperature,
instead of the viscosity (fracture temperature should decrease as viscosity decreases),
Figure 4-9 for asphalt AAA, and Figure 4-10 for asphalt AAC show a quenching effect at
low aging temperatures and a tendency for the fracture temperature to continue to
increase at high aging temperatures. It is also interesting to note in Figure 4-4, that for
the four asphalts tested the fracture temperature after long periods of high temperature
aging appears to be converging at a common point. This suggests that after an extreme64
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amount of aging, these asphalts will have the same tendency for thermal cracking. It is
not clear why this occurs, however it may indicate that even at high temperatures that
aging eventually quenches, perhaps because of some practical limit to oxidation sites. It
is important to recognize that the amount of aging represented by 100 days of oven aging
at 85°C is extreme and is not likely ever to be experienced in service. As a comparison,
Bell, Wieder, and Fe llin (1994) found that four days of oven aging at 85°C is
representative of field aging of 15 years in a wet-no freeze zone and 7 years in a
dry-freeze zone.
4.6.2 Effect Of Non-Polar Material
At low temperatures (below 0°C) the non-polar materials in the asphalt binder
have a tendency to organize into a very rigid material and this rigid material may
sometimes shrink significantly at low temperatures (Robertson, 1991). This effect is
illustrated by considering the results of the Group 2 testing.
Asphalt AAG-1 has a large proportion of non-polar molecules and AAK-2 has a
large proportion of associated polar molecules. As a result, AAG-1 is relatively
insensitive to oxidation when compared to AAK-2. When subjected to long periods of
aging at high temperatures, AAK-2 will exhibit behavior similar to the Group 1 asphalts.
That is, aging, as reflected by an increase in the TSRST fracture temperature continues to
increase as aging time increases. AAG-1 does not exhibit the same tendency to increase
fracture temperature (Figure 4-6), instead it exhibits high fracture temperatures that do
not change with additional aging time at 85°C. The relatively high fracture temperature66
of AAG-1 is caused by the relatively large non-polar proportion structuring (and perhaps
shrinking) in the cold temperatures.
4.7 CONCLUSIONS
Asphalt structure and composition affects the impact of aging on thermal cracking
potential. Based on the results of this investigation the following can be stated for the
asphalts tested:
1. The temperature at which aging occurs affects changes that occur in cold
temperature fracture properties.
2. At low temperatures, say 50°C, aging appears to "quench" at some point, so that
further aging time does not significantly change low temperature cracking
behavior.
3. At high temperatures, say 85°C, aging appears to continue, so that further aging
time significantly changes low temperature cracking behavior.
4. Asphalt AAG-1, because of its high proportion of non-polar components, is not
as susceptible to oxidative aging as other asphalts, but this property makes this
material relatively susceptible to thermal cracking because of structuring that
occurs at low temperatures.67
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5.1 INTRODUCTION
5.1.1Background
The Oregon Department of Transportation (ODOT) has utilized open graded
asphalt-aggregate paving mixtures for many years, both in surface and in base courses
(Huddleston, et al., 1990). The use of these porous mixtures has increased markedly over
the past few years. During the past five years, ODOT has constructed several hundred
miles of highways with open graded class "F" asphalt concrete mixtures (See Appendix B
for a project list). The performance of these pavements has in general been excellent,
with no known failures attributable to moisture damage. In addition, these pavements
have shown the advantage, over conventional dense graded pavements, of reducing splash
and spray during wet weather, presumably resulting in improved safety (Terrell et al.,
1993).
Historically, stripping and water damage have been problems of dense grade
mixtures, not of porous or open graded mixtures like the Oregon "F" mixtures. This
historical performance is supported by the pessimum voids concept presented by Terrell
and Al-Swailmi (1993) that indicates that the character of the voids in asphalt pavements
has a major impact on the performance of these pavements in the presence of water.
Conventional dense graded mixtures are typically characterized by interconnected voids
and exhibit the worst behavior with respect to moisture damage, and thus may be said to
have pessimum (opposite of optimum) voids. Mixtures that have low voids
(impermeable) or high voids (free draining), such as stone matrix asphalt (SMA) and71
ODOT's "F" mixture, are less susceptible to moisture damage and may be said to have
optimum voids with respect to moisture sensitivity.
In 1992, however, many "F" mixtures failed the Index of Retained Strength (IRS)
test used by ODOT to evaluate the water damage potential of asphalt-aggregate mixtures.
At the same time, dense graded mixtures using the same aggregate source and the same
asphalt were passing the IRS test, although based on past performance and the pessimum
voids concept, these mixtures were more likely to experience water damage than the "F"
mixtures that failed this same test. It is not clear why "F" mixtures began having
problems passing the IRS test; however, some believe that it may be related to the
changes in the asphalt that occurred when ODOT began to use the Performance-Based
Asphalt (PBA) specifications. Although "F" mixtures have had difficulty passing the IRS
test, it is the consensus of ODOT engineers that the problem is not with the "F" mixtures,
but with the test itself.
As part of the Strategic Highway Research Program (SHRP), the Environmental
Conditioning System (ECS) was developed at Oregon State University (OSU) to assess
the water sensitivity of asphalt-aggregate mixtures, and to provide an improved method
for mixture acceptance, with respect to water sensitivity, during the mixture design
process. The ECS subjects asphalt-aggregate mixtures to a series of conditioning cycles
that include water flow, elevated and/or lowered temperatures, and repeated axial loading.
The ECS procedure was developed and validated for dense graded mixtures, with only
limited consideration of porous or open graded mixtures.72
In 1992, ODOT began looking the suitability of using the ECS test as an
alternative to the IRS test for assessing the moisture sensitivity of open graded mixtures.
During this year, seven projects were evaluated using the ECS. In 1993, the ECS test
program was expanded to include all open graded mixtures. The IRS test continued to be
the specification test for moisture sensitivity in open graded mixtures, and the ECS test
was used as a secondary test. Mixtures that failed the IRS test, but passed the ECS test
could be accepted at the discretion of ODOT engineers.
In 1994, a specification change was made, replacing the IRS test with the ECS test
for the purpose of acceptance of open graded mixtures with respect to moisture
sensitivity. As a result, the IRS was no longer routinely conducted on open graded
mixtures. Because of the time lag in conducting ECS tests, paving was allowed to
proceed on projects if a dense graded mixture using the same materials passed the IRS
test. This alternative test was justified by the pessimum voids concept that relatively free
draining mixtures will not have as severe moisture damage problems as traditional dense
graded mixtures.
5.1.2Objectives
The objectives of this work were as follows:
a) investigate the suitability of implementing the SHRP ECS procedure
for use in assessing the moisture sensitivity potential of open graded
"F" mixtures; and73
b) establish a data base and begin long term monitoring of the moisture
sensitivity of "F" mixtures and the relationship of ECS results to
performance.
5.2 LABORATORY STUDIES
5.2.1Projects Evaluated
The mixtures evaluated were all selected from projects constructed by ODOT.
The mixtures tested represent the range of asphalts, aggregates, and anti-strip additives
used in Oregon.
5.2.1.1 Projects Constructed In 1992
The projects evaluated in 1992 were from Oregon's 1992 construction program.
This group of projects formed the initial evaluation of the ECS for use in open graded "F"
mixtures. The seven projects selected used mixtures that met all design criteria, except
that the majority of them failed the IRS test (minimum IRS 75 percent) for moisture
sensitivity. In addition to IRS testing, two specimens were ECS tested from each project,
and for one project, the same mixture was tested with and without the inclusion of
anti-strip additives. The 1992 projects are summarized in Table 5-1.74
TABLE 5-1: 1992 Projects.
Project
(Contract No.)
Asphalt
(% by weight)
Aggregate
Source
Mix No. Additives
Myrtle Point SCL-
Powers Jct. (11110)
McCall PBA-5
(6.2%)
Whal's Pit
(8-108-3)
92A-1None
Pacific Hwy. West-
Gateway St
(11194)
Chevron PBA-5
(5.7%)
Eugene S&G
(20-45-3)
92B-11.0 % Lime
0.5% PBS
Santiam River
Bridge (11038)
Albina PBA-5
(6.0%)
Hilroy Pit
(24-2-2)
92C-11.0 %Lime
0.5% PBS
92C-2None
Youngs Bay Br.-
Warrenton (11162)
McCall PBA-5
(6.5%)
Naselle Rock
(WA-028-2)
92D-10.5% PBS
Eastside Bypass
(112200)
Albina PBA-6
(6.0%)
Stukel Pit/
Horseridge Pit
(18-36-4,
9-21-4)
92E-11.0% Lime
0.75% Unichem
Butte Falls Rd.
(15-misc.)
Witco PBA-5
(5.5%)
140 Pit/
Kirkland Pit
(15-192-3,
9-21-4)
92F-1None
Umatilla-McNary Koch PBA-6
(6.2%)
Powerline Pit
(30-001-5)
92G-1None
5.2.1.2Projects Constructed In 1993
All "F" mixture projects constructed in 1993 were tested using the ECS and the
IRS procedures. Although the IRS was still used as a specification test in 1993, the ECS
was used as a secondary test allowing for acceptance if the mixture failed the IRS test. In
many cases the mixtures were tested with and without the inclusion of anti-strip additives.
The 1993 projects are summarized in Table 5-2.75
TABLE 5-2: 1993 Projects.
Project
(Contract No.)
Asphalt
(% by weight)
Aggregate
Source
Mix No. Additives
Catching Slough
Bridge (11249)
Chevron PBA-5
(5.8%)
(10-071-03) 93A-1None
Coquille Reroute
(11013)
McCall PBA-5
(5.5%)
(08-108-03) 93B-13None
Asph. Conn PBA-5
(5.5%)
(20-048-3) 93B-20.5% PBS
McCall PBA-5
(6.0%)
(08-108-03) 93B-30.5% PBL
Perrydale-Crowley
Rd.
(11300)
McCall PBA-5
(6.0%)
(36-002-2) 93C-1None
(62%) 93C-20.5% PBS
Remote
Campground
(11291)
McCall PBA-5
(5.5%)
(6-107-3) 93D-1None
93D-20.5% PBL
District 6 Overlay
(11287)
McCall PBA-5
(6.0%)
Round Prairie
Bar (10-29-3)
None
Mailer - Glencoe
Rd.
(11342)
McCall PBA-5
(5.0%)
Coffee Lake
(34-98-2)
93F-1None
93F-20.5% PBS
93F-3 1.0% Lime
Brooten Rd. -
Little Nesstucca
(11296)
Chevron PBA-5
(5.0%)
Ogle Pit
(29-040-2)
93G-1None
Lane Co. - Crow
Rd. (20-Misc.)
McCall PBA-5
(6.0%)
Morse Bros. -
Delta
(20-???-3)
9311 -1 0.5% PBS
Rufus - Arlington
(11256)
Chevron PBA-6
(6.0%)
(11-034-4) 931-1 1.0% Lime
Durkee
Interchange
(11170)
Albina PBA-6
(5.5%)
(1-69-5) 93J-I None
Trail Casey
(11237)
Chevron PBA-5
(5.0%)
Jobsite 93K-1None
93K-20.5% PBL
Halsey Interchange
(11294)
McCall PBA-5
(6.0%)
(20-048-3) 93L-1 1.0% Lime76
TABLE 5-2: 1993 Projects (continued)
Project
(Contract No.)
Asphalt
(% by weight)
Aggregate
Source
Mix No. Additives
Nedonna Beach
Rd. Barview
(11305)
Chevron PBA-5
(5.5%)
Johnson
Quarry
(20-009-2)
93M-1None
Depoe Bay Bridge
NE 54th St.
(11333)
McCall PBA-5
(5.5%)
Fisher Quarry
(21-002-2)
93N-1None
Susan Cr. USFS
Bdry
(11278)
McCall PBA-5
(5.0%)
Anderson Pit
(10-236-3)
930-1None
Sams Valley
Shady Cove
(11324)
Huntway PBA-5
(5.5%)
Kirtland Bar
(15-215-3)
93P-1None
(5.8%) 93P-2 0.5% PBL
Boulder Flat - Fish
Creek Br. (11165)
McCall PBA-5
(5.5%)
Shady Bar
(10-124-3)
93Q-1 1.0% Lime
Klamath Falls -
Malin Hwy.
(11351)
Chevron PBA-6
(6.0%)
Flowers Pit
(18-098-4)
93R-1 1.0% Lime
Kah-nee-tah Jct.
(11360)
U.S. Oil PBA 6-GR
(6.0%)
Hwy 26 MP
110.7
(16-17-3)
935 -1 1.0% Lime
US 26 IS (11361)Chevron PBA-6
(5.5%)
(03-032-1) 93T-1 1.0% Lime
(4.8%) 93T-21.0% Lime
0.5% PBS
MP 66.9Jct.
Wapinitia (11269)
Chevron PBA-6
(5.5%)
Mc Quinn Pit
(33-081-4)
93U-1 1.0% Lime
93U-21.0% Lime
0.5% PBS
Ocholo Summit
MP 60.5 (11364)
Albina PBA-6
(5.0%)
Hwy 26 MP
40 (07-016-4)
93V-1 1.0% Lime
0.5% PBS
Battle Creek N.
Jefferson (11365)
McCall PBA-5
(5.5%)
(24-032-2) 93W-11.0% Lime
Durkee
Interchange
(11170)
RUMAC 93X-1RUMAC77
5.2.1.3Projects Constructed In 1994
In 1994, ODOT made the ECS test the moisture sensitivity specification test for
"F" mixtures, replacing the IRS test. As a result, all 1994 "F" mixtureswere ECS tested,
but not IRS tested. As in previous years, some mixtures were tested with and without the
inclusion of anti-strip additives. Some of the projects tested in 1994were carry overs
from 1993. The 1994 projects are summarized in Table 5-3.
TABLE 5-3: 1994 Projects
Project
(Contract No.)
Asphalt
(% by weight)
Aggregate
Source
Mix No. Additives
Santiam River Br. Chevron PBA-6 (24-038-2) 94A-1None
(North) (11334) (5.5%) 94A-21.0% Lime
Klamath Foils - Albina PBA-6 (18-108-4) 94B-1None
Malin Hwy. (6..3%)
(11351)
Seven Oaks - Huntway PBA-6Kirkland Bar 94C-11% Lime
Jackson St. (11383) (5.0%) (15-215-3)
Rowena - US 97 Albina PBA-6 Gregory Pit 94D-11% Lime
Interch (11393) (5.5%) (WA-20-3)
Chevron PBA-6 94D-21% Lime
(5.5%)
Elkhead - Rice Hill Albina PBA-6 (10-029-3) 94E-11% Lime
(11343) (5.5%)
Cedar Hills Blvd. -McCall PBA-5 Scappoose 94F-1None
Interch. (11394) (5.5%) S&G 94F-21% Lime
(05-001-1)
(5.1%) 94F-30.25% Unichem
Halsey Interch - Chevron PBA-6Wildish Plant94G-11% Lime
Lane Co. (11294) (6.0%) (20-048-3)78
TABLE 5-3: 1994 Projects (continued)
Project
(Contract No.)
Asphalt
(% by weight)
Aggregate
Source
Mix No. Additives
Azalea - Jumpoff
Joe (11344)
Chevron PBA-6
(5.5%)
Biencourt
(17-023-3)
9411 -11% Lime
9411-21% Lime
Chevron PBA-6
(6.0%)
Moore Bar
(17-086-3)
94H-31% Lime
US Oil PBA-6GR
(8.5%)
Biencourt
(17-023-3)
94H-41% Lime
(5.6%) 94H-51% Lime
Rosewood Dr.
Willamette (11411)
Albina PBA-5
(5.0%)
Hilroy Pit
(24-002-2)
941-1None
(5.8%) 941-2None
941-30.5% Unichem
941-41.0% Unichem
Murphy Rd - Lava
Butte (11402
Chevron PBA-6
(5.5%)
Kake Pit
(09-087-4)
94J-11% Lime
South Highland
Canel - Murphy Cr.
Rd. (11424)
Mc Call PBA-5
(5.0%)
Powell Bar
(17-011-3)
94K-1None
Brownsboro - Hwy.
140 (15-Misc.)
Albina PBA-5
(5.5%)
Stame Pit 94L-1None
Juniper Butte -
Crooked Rd. (11423
Albina PBA-6
(5.0%)
Lone Pine Pit
(07-058-4)
94M-1None
Siuslaw R -
Douglas Co.
(11339)
Asph. Conn
PBA-5 (5.0%)
Umpqua
(10-071-3)
94N-1None
Nickolson Rd. -
Knapp Rd. (11439)
Mc Call PBA-5
(5.5%)
Wahl's Pit
(9-108-3)
940-1None
Trail Casey (11237)Chevron PBA-5
(5.0%)
Jobsite 94P-1None
Pamela Rd. - Twin
Meadows (11405)
Chevron PBA-6
(5.5%)
Mint° Cr.
Quany
(22-042-2)
94Q-11% Lime
Remote
Campground
(11291)
McCall PBA-5
(5.7%)
Wiley's Bar
(6-107-3)
94R-1None79
TABLE 5-3: 1994 Projects (continued)
Project
(Contract No.)
Asphalt
(% by weight)
Aggregate
Source
Mix No. Additives
Tower Rd. -
Interchange (11438)
Chevron PBA-6
(5.5%)
Shockman
Bros.
(25-033-5)
94S-11% Lime
Battle Creek - N.
Jefferson (11365)
Chevron PBA-6
(5.0%)
Reed Pit
(24-023-2)
94T-11% Lime
Sunset Hwy. -
Pacific Hwy.
(11468)
Eott PBA-6 (5.5%)Santosh Pit
(05-004-1)
94U-1
.
1% Lime
Central Oregon
Preservation
(11427)
Albina PBA-6
(5.6%)
Hwy 20 MP 87
(13-061-4)
94V-1
.-,
1% Lime
Tripp Rd. - KnappaMcCall PBA-5
(5.6%)
(05-037-1) 94W-1None
Barger - Roosevelt
(11437)
McCall PBA-5
(5.7%)
Wildish Eugene
(20-48-3)
94X-1None
Emigrant R - Green
Sp. (11448)
Albina PBA-5
(5.9%)
Kirkland Pit
(15-215-3)
94Y-1None
Roseburg ECL -
Dixonville (11467)
McCall PBA-5
(5.8%)
(10-029-3) 94Z-1None
Mt. Hood - Long
Prairie Rd. (11400)
Albina PBA-6
(6.1%)
(14-033-1) 94AA-10.5% Unichem
(6.0%) 94AA-21% Lime
Arlington Cedar
Springs (11501
PBA-3 (6.2%) 94AB-11% Lime80
5.2.2 Test Procedures
Cylindrical specimens measuring 102 mm (4 in.) in diameter by 102 mm (4 in.)
high were fabricated for each mixture, by ODOT, using the procedures of AASHTO
T-165 and T-167. The maximum specific gravity (Rice gravity) of each mixwas
determined by ODOT using the AASHTO T-209 procedure. The density and air voids
were determined by OSU by wrapping each specimen in parafilm and then weighing it in
water (Del Valle, 1985). The IRS test (performed by ODOT) and the ECS test
(performed by OSU) were both conducted for the 1992 and 1993 mixtures. The 1994
mixtures were only subjected to the ECS test.
5.2.2.1Index Of Retained Strength (IRS)
The IRS was determined by ODOT using the procedure of AASHTO T-165,
Effect of Water on Cohesion of Compacted Bituminous Mixtures. In this procedure, the
compressive strength of 102 mm (4 in.) diameter by 102 mm (4 in.) tall cylindrical
specimens, that have been immersed in a water bath at 60°C (140°F) for 24 hours (called
group 2 specimens), is compared to the compressive strength of similar specimens that
have not been immersed (group 1 specimens). The IRS is the ratio (expressedas a
percent) of the group 2 compressive strength to the group 1 compressive strength. A
mixture with an IRS less than 75 percent is considered water sensitive.81
5.2.2.2Environmental Conditioning System (ECS)
The ECS was designed to provide a means to simulate various moisture, loading,
and temperature conditions experienced by asphalt pavements and to evaluate their effect
on performance related mixture properties (Terrell, 1994). These conditions are produced
by the interactions of the fluid conditioning, environmental chamber, and the repeated
loading subsystems of the ECS. The fluid conditioning subsystem is designed tomeasure
air and water permeability and to provide water, air, and temperature conditioning to the
specimen. The environmental chamber is used to control the temperature of the specimen
between -20°C (-4°F) and 100°C (212°F) within ±1°C; specimen temperature is
monitored using a thermocouple imbedded in a dummy specimen. The repeated loading
subsystem is an electro-pneumatic closed loop system capable of applying repeated axial
loading and measuring the resulting axial strain; this subsystem can apply repeated
loading during the hot conditioning cycles and runs the ECS resilient modulus (MR) tests
used to evaluate mixture performance.
The ECS test protocol, as developed for dense graded mixtures, calls for three
hot-wet cycles of six hour duration at 60°C (140°F) with continuous repeated loading
followed by one freeze-wet cycle of six hours duration with static loading at -18°C
(-0.4°F). In warm climates, the freeze-wet cycle may be eliminated. The ECS resilient
modulus (ECS MR) of each specimen is measured at 25 °C (77°F) prior to any
conditioning, and after each conditioning cycle. Because of the test configuration
(especially the height to diameter ratio) used for measurement of the ECS MR,its
magnitude may not be comparable to other measures of MR.Details of the ECS test82
protocol and its development are described in detail elsewhere (Allen and Terrell, 1994;
Scholz, et al., 1994; Terrell and Al-Swailmi, 1994).
The ECS test protocol was modified, for use with the open graded "F" mixtures,
to eliminate continuous repeated loading during the hot-wet cycles. This modification
was necessary because the specimens were unstable without lateral support and were
susceptible to excessive deformation during hot-wet cycle repeated loading. In addition,
the conditioning cycle duration was reduced to five hours. This modification was made
so that the time from the start of one cycle, allowing for temperature equilibrium and ECS
MR testing, was reduced to eight hours. As a result, the ECS test as performed on open
graded mixtures is less severe than the test as performed on dense graded mixtures.
The moisture sensitivity of each specimen was evaluated by computing the ratio
of the ECS MR after each conditioning cycle to the ECS MR before conditioning. An
open graded mixture is considered susceptible to moisture damage if the ECS MR ratio is
less than 0.75 after any cycle (the failure criterion for dense graded mixtures is 0.70). A
mixture whose ECS MR ratio does not drop below 0.75, but whose ECS MR ratio shows a
defmite downward trend with each cycle should be considered as marginal with respect to
moisture sensitivity.
Visual stripping ratings were made on split samples at the conclusion of ECS
testing. The visual stripping evaluation is made by comparing the specimens to a
stripping rating chart. The rating chart was developed for dense grade mixtures and is
very subjective and user dependent. As a result, the stripping ratings are only used as an
indicator of potential problems when a large amount of stripping is present.83
5.3RESULTS
The results of the ECS test are typically presented as a plot of ECS MR ratio
versus conditioning cycle. Typically, three types of behavior are seen: an increase in
ECS MR ratio (line A); an initial sharp decrease in ECS MR ratio, followed by a relatively
constant ratio (line B); and a continuous decrease in ECS MR ratio (line C). A plot
illustrating these types of behavior is shown in Figure 5-1. Specimen C would fail,
whereas specimens A and B pass the ECS test.
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FIGURE 5-1: Typical ECS Results.84
5.3.1 1992 Mixtures
Eight mixtures were selected from seven projects constructed in 1992, the
majority of these mixtures failed the IRS test (minimum IRS 75 percent). Table 5-4
summarizes the results of this testing. All but one of the mixtures tested exhibited
moisture damage as evidence by ECS MR ratios less than one. A typical ECS MR ratio
plot of the average ECS results (based on two specimens) for mixtures 92A-1, 92B-1,
and 92G-1 is shown in Figure 5-2, complete results are in Appendix B. The increase in
stiffness exhibited by mixture 92A-1 may be the result of densification of the mixture.
The increase in ECS MR ratio seen after the freeze cycle for mixtures 92D-1 and 92G-1
may be the result of failure to allow adequate time for the specimen to return to 25°C
prior to measurement of the ECS MR, because of this uncertainty, results after the third
hot-wet cycle will be used for further discussion of the 1992 mixtures.
TABLE 5-4: Results Summary- 1992 Mixtures.
Mix Rice
Specific
Gravity
IRS
( %)
Average
ECS MR Ratio
After 3 Cycles
Average
ECS MR Ratio
After 4 Cycles
92A-1 2.44 59 1.11 1.12
92B-1 2.47 58 0.81 0.81
92C-1 2.46 72 0.92 0.85
92C-2 2.46 50 0.78 0.8
92D-1 2.57 81 0.88 0.98
92E-1 2.44 64 1.15 1.08
92F-1 2.49 52 0.76 0.78
92G-1 2.57 77 0.96 1.1485
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FIGURE 5-2: Average ECS Results From Selected 1992 Mixtures.
Although most of the mixtures tested in 1992 experienced moisture damage, none
exhibited sufficient damage to be considered unacceptable. Mixtures 92B-1, 92F-1, and
92C-2 were considered marginal because they approached the 0.75 failure criterion, but
since the ECS MR plot exhibited relatively flat slopes after the initial cycle, they are
considered acceptable.
5.3.2 1993 Mixtures
A total of 35 mixtures from 24 projects were tested in 1993. Table 5-5
summarizes the results of this testing, complete results are in Appendix B. ECS testing
was stopped after the third hot-wet cycle, no wet-freeze cycle was conducted for the 199386
projects. At least 22 of the mixtures failed the IRS test, and of those 22, only one failed
the three cycle ECS test.
Eight of the 1993 projects had mixtures that were identical except for the
inclusion of anti-strip additives. Figures 5-3 and 5-4 show two such projects (93B and
93F respectively) and the effect of additives on the average ECS results.
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FIGURE 5-3: Effect of Anti-Strip Additives on the ECS Results for Coquille
Reroute (Project 93B).87
TABLE 5-5: Results Summary - 1993 Mixtures.
Mix Rice
Specific
Gravity
IRS
( %)
Average
ECSMRRatio
After 3 Cycles
Average
ECS MR Ratio
After 4 Cycles
93A-1 2.43 47 0.87 Not tested
93B-1 2.41 46 0.77 Not tested
93B-2 2.41 Not tested 0.70 Not tested
93B-3 2.41 57 0.99 Not tested
93C-1 2.40 63 0.98 Not tested
93C-2 2.40 55 0.77 Not tested
93D-1 2.53 55 0.87 Not tested
93D-2 2.53 30 0.93 Not tested
93E-1 2.58 73 1.08 Not tested
93F-1 2.61 54 0.76 Not tested
93F-2 2.61 80 1.05 Not tested
93F-3 2.61 Not tested 0.88 Not tested
93G-1 2.60 42 0.86 Not tested
93H-1 2.49 59 1.02 Not tested
931-1 2.61 Not tested 1.07 Not tested
93J-1 2.67 Not tested 1.06 Not tested
93K-1 2.48 82 0.73 Not tested
93K-2 2.48 82 0.98 Not tested
93L-1 2.45 67 0.87 Not tested
93M-1 2.72 67 1.00 Not tested
93N-1 2.60 83 0.90 Not tested
930-1 2.48 58 0.90 Not tested
93P-1 2.49 62 0.74 Not tested
93P-2 2.49 79 0.99 Not tested
93Q-1 2.50 71 0.98 Not tested
93R-1 2.48 79 0.92 Not tested
93S-1 2.65 56 1.09 Not tested
93T-1 2.52 58 1.08 Not tested
93T-2 2.52 48 0.95 Not testedTABLE 5-5: Results Summary - 1993 Mixtures (continued).
Mix Rice
Specific
Gravity
IRS
( %)
Average
ECSMRRatio
After 3 Cycles
Average
ECSMRRatio
After 4 Cycles
93U-1 2.42 60 0.86 Not tested
93U-2 2.42 56 0.79 Not tested
93V-1 2.42 68 1.13 Not tested
93W-1 NA Not tested 0.66 Not tested
93X-1 2.67 Not tested 1.89 Not tested
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FIGURE 5-4: Effect of Anti-Strip Additives on the ECS Results for Maller-Glencoe
Road (93F).89
5.3.3 1994 Projects
A total of 40 mixtures from 28 projects were tested in 1994. Table 5-6
summarizes the results of this testing, complete results are in Appendix B. Because of
the moisture sensitivity test specification change, only ECS (four cycle) and not IRS tests
were conducted on these mixtures. Five of the projects tested in 1994 had mixtures that
were identical except for the inclusion of anti-strip additives.
To prevent delays to paving while ECS results were pending, ODOT allowed
paving to proceed if a dense graded mixture using the same materials passed the IRS.
This calculated risk was taken because it is expected that dense graded mixtures should
have greater moisture sensitivity problems than open graded mixtures. In 4 cases,
subsequent ECS results identified mixtures as unacceptable after paving had begun. The
result is that three inadvertent test sections have been constructed with "F" mixtures that
failed the ECS, and one inadvertent test section that has one lane constructed using a
mixture without anti-strip additives (failed ECS) adjacent to three lanes constructed using
the same mixture with the inclusion of an anti-strip additive (passed the ECS). The
location of these sections is described in Table 5-7.
5.4 FIELD PERFORMANCE
ODOT has conducted regular evaluations of pavement condition since 1970.
These ratings used a subjective scale until 1993, when an objective system was put into
use for National Highway System (NHS) highways. Both methods are designed to90
TABLE 5-6: Results Summary - 1994 Mixtures.
Mix Rice
Specific
Gravity
Average
Air Voids (%)
IRS
(%)
Average
ECS MR Ratio
After 3 Cycles
Average
ECS MR Ratio
After 4 Cycles
94A-1 2.43 14.3 Not tested 0.86 0.85
94A-2 2.43 14.6 Not tested 0.76 0.73
94B-1 2.43 10.9 Not tested 0.94 0.96
94C-1 2.50 NA Not tested 1.02 1.07
94D-1 2.55 12.5 Not tested 0.77 0.80
94D-2 2.55 NA Not tested 0.90 0.93
94E-1 2.51 14.4 Not tested 1.03 1.07
94F-1 2.48 13.8 112 0.65 0.73
94F-2 2.47 132 Not tested 1.06 1.09
94F-3 2.48 142 Not tested 0.79 0.68
94G-1 2.41 11.2 Not tested 0.79 0.74
94H-1 2.67 12.0 Not tested 0.80 0.88
94H-2 2.67 12.6 Not tested 1.18 1.17
94H-3 2.67 13.8 Not tested 0.98 0.93
94H-4 NA 2.8 Not tested 1.08 1.15
94H-5 2.68 12.5 Not tested 0.82 0.83
941-1 2.46 15.1 Not tested 0.51 0.63
941-2 2.45 15.3 Not tested 0.65 0.63
941-3 2.44 14.1 Not tested 0.84 0.80
941-4 2.43 14.0 Not tested 0.91 0.88
94J-1 2.51 12.8 Not tested 1.11 1.46
94K-1 2.64 132 Not tested 1.33 1.27
94L-1 2.57 12.4 Not tested 0.82 0.73
94M-1' 2.54 12.6 Not tested 0.81 0.75
94M-12 2.54 12.5 Not tested 1.01 0.95
94N-1 2.45 15.4 Not tested 0.68 0.84
940-1 2.43 14.4 Not tested 0.82 0.88
94P-1 2.53 142 Not tested 0.84 0.97
94Q-1 2.52 132 Not tested 0.86 0.8991
TABLE 5-6: Results Summary - 1994 Mixtures (continued).
Mix Rice
Specific
Gravity
Average
Air Voids (%)
IRS
(%)
Average
ECS MR Ratio
After 3 Cycles
Average
ECS MR Ratio
After 4 Cycles
94R-1 2.52 11.8 Not tested 0.84 0.86
94S-1 2.52 11.9 Not tested 0.79 0.79
94T-1 2.43 13.3 Not tested 0.79 0.80
94U-1 2.50 13.1 Not tested 0.82 0.83
94V-1 2.56 15.0 Not tested 0.86 0.81
94W-1 2.48 11.7 Not tested 0.77 0.71
94X-1 2.45 14.3 Not tested 0.83 0.84
94Y-1 2.49 13.6 Not tested 0.69 0.76
94Z-1 2.48 13.3 Not tested 0.97 0.83
94AA-1 NA 12.4 Not tested 0.94 0.83
94AA-2 2.46 12.5 Not tested 0.83 0.76
94AB-1 NA NA Not tested 0.95 0.99
'Two specimen average, with closest air voids.
2Four specimen average, 2% air void difference between specimens.
TABLE 5-7: Inadvertent "F" Mixture Test Sections.
Project ECS "B" or "C"
Mixture IRS'
Notes
Siuslaw R. Douglas Co. 68 87 Entire project constructed with
failed mixture.
Juniper Butte - Crooked
Rd.
75 101 Entire project constructed with
failed mixture.
Santiam River Bridge 72 95 Entire project constructed with
failed mixture.
Rosewood Dr.
Willamette River
65 76 Westbound, outside lane
constructed without additives,
other three lanes constructed
with additives.
' "B" and "C" mixtures are dense graded.92
determine an overall rating for the pavement section and do not specifically identify
sections with moisture sensitivity problems. To validate the ECS for prediction of
moisture damage in "F" mixtures it is necessary to monitor these projects with an eye to
identifying distress resulting from moisture damage. The locations and construction dates
of "F" mixtures currently in service are shown in Appendix B.
5.4.1Procedures Presently Used
Prior to 1993 the entire state highway system was surveyed using a subjective
rating procedure called the Good-Fair-Poor (GFP) Method. GFP involves driving the
highway and conducting a visual inspection of the pavement. Pavements are subjectively
rated from 1 (very good) to 5 (very poor). No effort is made to identify the cause or type
of distress present. Details of this rating scheme can be found in the 1993 Pavement
Condition Survey (ODOT, 1993).
Beginning in 1993 highways on the NHS were rated using the Objective Rating
Procedure. The Objective method identifies distress type and quantities. From this
information a numeric rut index and a crack index is computed. An overall index for the
section is calculated as an average of these two values and the section is put into a GFP
category based on the lowest of these values. Details of the Objective method may be
found in the 1993 Pavement Condition Survey (ODOT, 1993).93
5.4.2 1994 Survey of "F" Mixtures
In June 1994 a special visual survey of 25 "F" mixture projects of various ages
was conducted by Jeff Gower of ODOT and R. Gary Hicks of OSU. This survey was
conducted to identify the types and sources of distress present on these projects. Only
one project, Mile post 241-251 on U.S. route 97, was identified as having moisture
damage. This project was constructed in 1991, prior to the use of the ECS test by ODOT.
The results of this survey are summarized in Appendix B.
5.4.3 Monitoring Needs for ECS Validation
A formal validation procedure has not yet been undertaken for the use of the ECS
for predicting the moisture sensitivity of open graded "F" mixtures. However, the lack of
any reported moisture sensitivity problems with these mixtures could be considered an
informal validation. The existence of a large number of these pavements gives an
opportunity to further validate the use of the ECS for these mixtures provided they are
evaluated periodically for moisture damage. In addition, the construction of "inadvertent"
test sections in 1994 where mixtures failing the ECS were constructed adjacent to
mixtures that passed the ECS will provide an opportunity to validate the failure criterion
of 0.75 used for open graded mixtures, provided these sections are periodically monitored
for moisture damage.94
5.5 DISCUSSION
5.5.1ECS Compared to IRS
Most of the mixtures ECS tested during 1992 and 1993 were also subjected to the
IRS test. It is clear from Figure 5-5, showing the 1992 mixtures, and Figure 5-6, showing
the 1993 mixtures, that there is no relationship between the ECS and the IRS results.
Based on the lack of moisture damage reported for "F" mixtures in service, it is apparent
that the IRS is not correctly assessing the moisture damage potential of these mixtures.
The IRS may not be suitable for use with "F" mixtures because, without
confinement, specimens are subject to large deformations especially at elevated
temperatures. In fact, "F" mixture specimens tend to slump when left at room
temperature for extended periods of time. Also, in the IRS test, specimens are saturated
rather than allowed to drain.
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5.5.2 Effect of Additives on ECS Results
During the three years that data has been collected for this study, fourteen projects
were evaluated that included mixtures with inclusion of varying amounts of anti-strip
additives. Figure 5-3 and 5-4 show two of these projects. Results indicate that the effect
of anti-strip additives on ECS performance is variable, and, dependent on the mixture and
anti-strip additives may actually result in less favorable ECS results as shown in
Figure 5-7 for project 93-C. For this project, the inclusion of PaveBond Special (PBS)
decreased performance. Figure 5-8 shows the impact of various additives on the ECS MR
ratio after three cycles. These data show that the inclusion of anti-strip additives has
varying effect on the moisture sensitivity performance of a mixture. It is interesting to
note that in all four projects using PaveBond Lite (PBL) experienced improved moisture
sensitivity performance; while decreased moisture sensitivity performance was seen in2
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FIGURE 5-7: Effect of Anti-Strip Additives, Perrydale-Crowley Rd. (93-C).
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FIGURE 5-8: Effect of Anti-Strip Additives on ECS Results After 3 Cycles.97
two out of three projects using PBS and by one out of two projects using lime as anti-strip
additives, as measured by the ECS MR ratio after three cycles.
The visual stripping ratings for the projects using PBS (93B, 93C, and 93F) paint
a different picture; in all cases there is a decrease in the amount of stripped aggregate at
the conclusion of the test. This implies that, although the PBS reduced the amount of
stripping that occurred, some other change took place in the mixture (i.e. softening of the
asphalt) that caused reduction in the ECSMRratio. The visual stripping rating for the
project using lime with decreased performance (94A) saw a marked increase with the
addition of lime. This implies that the lime actually served to reduce the bonding
between the asphalt and the aggregate.
The selection of types and amount of anti-strip additives was based on the needs
of the specific project. To fully evaluate the effect of anti-strip additives would require an
experiment designed for that purpose.
5.5.3Is a Specification Test for Moisture Sensitivity Necessary
The pessimum voids concept suggests that there should not be a problem with
moisture sensitivity in open graded mixtures. This is supported by the experience of
ODOT with no reported moisture sensitivity related failures of open graded mixtures. If,
because of their void conditions, open graded mixtures are not subject to moisture
damage problems, is it necessary to have a specification test to evaluate the potential for
moisture damage? ODOT is considering this question, but at least for 1995 has elected to
continue using the ECS as its specification test. Until more long term performance98
information for "F" mixtures is available, the cost of conducting these tests is small
relative to the potential cost of a failure.
5.6CONCLUSIONS AND RECOMMENDATIONS
5.6.1 Conclusions
1) The IRS procedure is more severe than the ECS, indicating potential
pavement failure problems where they apparently do not exist and that
are not predicted by the ECS.
2) The IRS is not a suitable test procedure for assessing the moisture
sensitivity potential of open graded "F" mixtures.
3) There is no relationship between IRS results and ECS results for open
graded "F" mixtures.
4) Inclusion of anti-strip additives may decrease the amount of visual
stripping, but not improve the moisture sensitivity of open graded "F"
mixtures as indicated by the ECS MR ratio.
5) Inclusion of anti-strip additives does not always decrease (and may
increase) the moisture damage potential of open graded "F" mixtures
as indicated by the ECS MR ratio.99
5.6.2 Recommendations
1) The necessity of a specification test for moisture sensitivity ofopen
graded mixtures needs to be considered carefully.
2) The in-service performance of open graded mixtures should continue
to be monitored, with a consistent, objective method, as a means of
validating the ECS failure criterion.
3) The inadvertent test sections constructed in 1994 should be closely
monitored with respect to moisture sensitivity both for validation of
ECS test and of the use of anti-strip additives.
4) The effect of anti-strip additives on overall performance of a mixture
should be studied further.
5) Modifications to the ECS procedure, such as, the addition of
confinement should be considered.
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Chapter 6
Elements Of Asphalt Chemistry And The Performance Of Asphalt-Aggregate
Mixtures
Julie E. Kliewer and Chris A. Bell
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6.1 INTRODUCTION
The performance of asphalt-aggregate mixtures is determined, in part, by the
performance of the asphalt binder. The performance of the asphalt binder is controlled by
its physical properties, which are determined by its chemical composition. The chemistry
of asphalts is very complex and has been the subject of considerable study and discussion.
The purpose of this paper is to summarize principals of asphalt chemistryas they relate to
the performance of asphalt-aggregate mixtures. This discussion of asphalt chemistry and
mixture performance draws heavily on work presented by Petersen (1990), Jones (1992),
Robertson (1991), and Branthaver et al. (1993) supported by performance data collected
at Oregon State University.
6.2 ELEMENTAL COMPOSITION AND MOLECULAR STRUCTURE OF
ASPHALT
Asphalt contains between 90 and 95 percent carbon and hydrogen atoms and is
often referred to as a hydrocarbon. The remaining 5 to 10 percent is composed of
heteroatoms (nitrogen, oxygen, and sulfur) and metals (vanadium, nickel, and iron are
most common). Heteroatoms replace carbon in the asphalt molecular structure and tend
to make the molecules polar and thus more likely to react or associate with other
molecules. The kind and amount of heteroatoms present in an asphalt are a function of
the asphalt's crude oil source and the aging state of the asphalt. Heteroatoms are more
chemically reactive than hydrocarbons and thus they oxidize more easily, contributing to
the aging of the asphalt. The amount and type of metals in an asphalt indicates the source103
of the crude oil from which the asphalt was refined and may serve an important role in the
aging process.
The hydrocarbons, heteroatoms, and metals combine together in the asphalt to
form a multitude of different molecules broadly grouped as: aliphatics, cyclics, and
aromatics. Aliphatic (literally, "oily") molecules are linear molecules with carbon atoms
linked end to end. Cyclic molecules are saturated (highest possible hydrogen/carbon
ratio) and the carbon atoms are linked together to form a cycle, or a ring. Aromatic
molecules are flat unsaturated ring structures characterized by their strong odor.
6.3 CONCEPTUAL COMPOSITIONAL MODELS
6.3.1Micellar Model
6.3.1.1Asphalt Composition
Asphalt has traditionally been described as being composed of asphaltenes and
maltenes. Asphaltenes and maltenes are defined based on their relative solubility in
non-polar solvents. Asphaltenes are insoluble when the asphalt binder is dissolved in
non-polar solvents such as pentane, hexane, or heptane. Maltenes comprise the portion of
the binder that dissolves in these solvents and are composed of resins and oils.
ASPHALTENES. Asphaltenes are the most complex and highly polar
component, with a strong tendency to interact and associate. The determination of the104
amount of asphaltenes is a function of the type of non-polar solvent used to precipitate
them.
RESINS. Resins are fluid when heated and are brittle when cold. They serve to
disperse or peptize the asphaltenes in the oils to provide a homogeneous liquid. Resins
oxidize to form asphaltenes.
OILS. Oils are soluble in most solvents. They have aliphatic and aromatic
structures with no oxygen and nitrogen usually present. Oils oxidize to form asphaltenes
and resins.
6.3.1.2Asphalt Structure
Prior to the Strategic Highway Research Program (SHRP) asphalt binders were
generally regarded a colloidal or micellar system. This colloidal system consists of high
molecular weight asphaltene micelles dispersed or dissolved in a lower molecular weight
oily medium called maltenes. The degree to which the micelles are dispersed or peptized
will affect the rheological behavior of the asphalt. Sol type asphalts are characterized by
a system in which the resins keep the asphaltenes highly dispersed in the oily phase, the
resulting micelles have good mobility within the asphalt. Sol type asphalts largely exhibit
Newtonian flow behavior. Gel type asphalts are characterized by a system in which the
resins are not effective in dispersing the asphaltenes, thus the asphaltenes further
associate together producing an open linked structure of micelles. Gel type asphalts
largely exhibit non-Newtonian flow behavior. Most asphalts are intermediate between
sol and gel behavior.105
6.3.2 SHRP Asphalt Model
As the result of work conducted by SHRP, a new asphalt model was developed.
This model allows for explanation of the effects of asphalt chemistry on asphalt physical
properties. In this model, the asphalt is divided into two broad classes of materials: polar
and solvent molecules. Both polar and solvent molecules make significant contributions
to the physical properties of the asphalt. Networks or associations of polar molecules,
within the non-polar solvent molecules, are formed through polar-polar or hydrogen
bonding. Although there are no actual phases in the asphalt, the SHRP model of asphalt
structure is sometimes explained using the analogy of spaghetti (polar molecules) in
sauce (non-polar or solvent molecules). Despite this analogy, the polar and non-polar
molecules exist together in a homogeneous mixture that is constantly changing as the
weak associations of polar molecules are broken and reformed.
The weak interactions between asphalt molecules are easily broken by application
of heat or shear forces. The dependence of asphalt behavior on temperature and loading
conditions is easily explained when the weak interactions are considered. Bonds are
constantly being broken and reformed in a unique way.
A new fraction of asphalts called "amphoterics" has been identified that helps
explain the way polar molecules form associations. Amphoterics have both an acid and a
base group on the same molecule. This make the asphalt better able to form the network
of polar-polar bonds that strongly influence the behavior of the asphalt. Asphalts with
small amounts of amphoterics are less able to build the networks of polar molecules that
strongly influence asphalt behavior.106
The SHRP model of asphalt structure goes a long way to explain how asphalt's
physical properties relate to changes in chemical composition and how they bond with
aggregates. It is generally regarded as being superior to the micellar model.
6.4 ASPHALT CHEMISTRY AND THE PERFORMANCE OF MIXTURES
6.4.1Asphalt Aging
Aging of asphalt-aggregate mixtures is the result of exposure to the environment.
Aging is a result of the combined effect of many factors, including: oxidation,
volatilization, polymerization, thixotropy, syneresis, and separation. Oxidation and
volatilization are generally the most important factors in the aging of asphalt-aggregate
mixtures. Volatilization is the evaporation of the lighter, low boiling point, constituents
of the asphalt binder primarily as the result of high temperatures. Volatilization is
primarily a short-term aging process that occurs during the mixing and placing of the
mixture. Oxidation is the reaction of oxygen with the asphalt binder at a rate that is
dependent on character of the asphalt binder and the temperature. Oxidation is the
primary source of long-term aging of mixtures.
The major products of asphalt oxidation are carbonyl and sulfoxide chemical
functionalities. An asphalt may exhibit a large amount of oxidation, as measured by
oxidation products, without large increases in stiffness. The amount of stiffening that
occurs in an asphalt, as a result of oxidative aging, is dependent on the amount of
associating polarity formed in the asphalt, strength of associations of polar molecules, and107
the dispersing power of the non-polar components (Branthaver, 1993). If the associations
of polar molecules are weak, or the non-polar components are effective at dispersing the
polar components, a highly oxidized asphalt may not experience a large increase in
stiffness. If the association of polar molecules are strong and numerous because of the
poor dispersing power of the non-polar components, a lightly oxidized asphalt might
experience a large increase in stiffness.
6.4.2Effect of Aggregate on Aging
The aggregate in an asphalt-aggregate mixture does not affect the oxidation
(production of oxidative products such as carbonyl and sulfoxide) ofan asphalt (Jones,
1992; Curtis, et al., 1993). However, aging of the mixture (as measure by stiffness) is
affected by the aggregate. Jones (1992) explains this by saying: "The viscosity ofa given
asphalt at a given time and temperature is a function of the molecular weight and the
network that has been formed among the groups of polar molecules. How the polar
networks form is a function of their environment, in this case the aggregate."
The influence of the aggregate on mixture aging appears to be related to the
chemical interaction of the aggregate and the asphalt as suggested by Jones (1992). This
interaction may be related to adhesion; the greater the adhesion, the greater the mitigation
of aging. The aging of asphalt alone, or in a fine aggregate mixture, is notan indicator of
how a mixture will age because the environment is different. Table 6-1 presents results
comparing the ranking of aged asphalts to aged mixtures. Some of the asphalts rank
similarly regardless of the aggregate types, whereas others (such as AAG-1 and AAK-1)108
behave very differently depending on the aggregate type. When the rankings for aged
mixtures are compared to the rankings for aged asphalts, it is clear that mixture aging is
influenced by the aggregate. To some extent this may be due to the interaction of the acid
or base sites on the aggregate surfaces with those of the asphalt.
TABLE 6-1: Comparison of Rankings for Long-Term Aging of Mixtures and Asphalts.
Rankings of Asphalts (by Aggregate)
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'Based on long-term aging ratios from diametral moduli for LTOA at 85°C. (Sosnovske,et al., 1993).
'Based on data for TFO-PAV aging (Christensen and Andersen, 1992).
'Based on PAV aging at 60°C for 144 hours. Prior short-term aging (Anderson, et al., 1994).
4Asphalt alone was subjected to TFO aging prior to mixing and PAV aging (Anderson, et al., 1994).
6.4.3 Low Temperature Cracking and Aging
Thermal cracking occurs in an asphalt pavement when the molecular network
becomes too stiff and loses its ability to deform elastically because of cold temperatures.
The resulting cracks, at some point, become too large to heal and progressively work109
through the asphalt pavement layer(s). The temperature at which thisoccurs is dependent
on binder composition and aging history.
At low temperatures, the non-polar components of asphalt begin tomove into a
more structured organization resulting in brittleness that is subject to cracking under
stress. The stress is caused by restraint of the pavement foundation (base or subbase). In
addition, in some asphalts, this increased organization of the non-polar and low polarity
components results in significant shrinkage at low temperatures (Robertson, 1991).
Changes in the asphalt binder that increase stiffness will raise the temperature at
which thermal cracking occurs. Oxidative aging causes a permanent hardening by adding
polar components to the structured zones in the binder. As a result, pavements become
more susceptible to thermal cracking as they age.
6.4.3.1Effect Of Aging Temperature
The temperature at which oxidation occurs can impact the wayan asphalt
structures and the rate at which asphalt stiffens. The effect of temperature on aging is
explained by considering the structure of the asphalt, according to Petersen (1990). At
low aging temperatures, the polar molecules remain relatively well associated,so they are
less able to react with atmospheric oxygen. The polar molecules are rapidly immobilized
because of the systems low thermal energy resulting in a "quenching" of the system. At
high aging temperatures, the relatively high thermal energy of the system allows the polar
molecules to be largely unassociated. Because of this, oxidation is free to continue. The110
effect of aging temperature on the fracture temperature (as measured in the thermal
restrained specimen test) of an asphalt mixture is illustrated in Figure 6-1 and 6-2.
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FIGURE 6-1: Effect of Aging Temperature on Fracture Temperature,
Asphalts AAA-1 and AAA-2.
The effect of temperature on aging is clearly evident in these results. Asphalts
AAA-1, AAA-2, AAC-1 and AAC-2 all show a quenching effect at low aging
temperatures and a tendency for the fracture temperature to continue to increase at high
aging temperatures. It is also interesting to note that all four asphalts appear to converge
on a similar fracture temperature after long periods of high temperature aging. This
suggests that after an extreme amount of aging, these asphalts will have the same
tendency for thermal cracking. It is not clear why this occurs, however, it may indicate
that even at high temperatures that aging eventually quenches, perhaps because of some111
practical limit to oxidation sites. It is important to recognize that the amount of aging
represented by 100 days of oven aging at 85°C is extreme and is not likely to be
experienced in service. As a comparison Bell, Wieder, and Fe llin (1994) found that four
days of oven aging at 85°C is representative of field aging of 15 years in a wet-no freeze
zone and 7 years in a dry-freeze zone
(30)
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FIGURE 6-2: Effect of Aging Temperature on Fracture Temperature,
Asphalts AAC-1 and AAC-2.
6.4.3.2Effect Of Non-Polar Material
At low temperatures (below 0°C) the non-polar materials in the asphalt binder
have a tendency to organize into a very rigid material and this rigid material may
sometimes shrink significantly at low temperatures (Robertson, 1991). This effect is112
illustrated by considering the results illustrated in Figure 6-3, comparing TSRST results
for asphalts AAG-1 and AAK-2.
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FIGURE 6-3: Fracture Temperature After Aging at 85°C,
Low and High Void Mixtures.
Asphalt AAG-1 has a large proportion of non-polar molecules and AAK-2 has a
large proportion of associated polar molecules. As a result, AAG-1 is relatively
insensitive to oxidation when compared to AAK-2. When subjected to long periods of
aging at high temperatures, AAK-2 will exhibit behavior similar to asphalts AAA-1,
AAA-2, AAC-1, and AAC-2. That is, aging, as reflected by an increase in the TSRST
fracture temperature, continues to increase as aging time increases. AAG-1 does not
exhibit the same tendency to increase fracture temperature, instead it exhibits high
fracture temperatures that do not change with additional aging time at 85°C. AAG-1 is113
relatively resistant to stiffness increases due to oxidation because of its high proportion of
non-polar components. The relatively high fracture temperature of AAG-1 is caused
instead by structuring (and perhaps shrinking) of the non-polar component in the cold
temperatures.
6.5 SUMMARY
The chemistry of asphalts is very complex. The SHRP model that describes
asphalt in terms of its polar and non-polar components provides a usefulmeans of
explaining the performance of asphalt-aggregate mixtures.
The increase in stiffness of an asphalt-aggregate mixture resulting from aging is
dependent on the amount of associating polarity, strength of the associations of polar
molecules, and the dispersing power of the non-polar components in the asphalt binder.
The aggregate in a mixture also effects aging by changing the environment in which the
polar networks form.
The temperature at which aging occurs also affects the increase in mixture
stiffness. At low aging temperatures, aging "quenches" because the polar molecules
remain well associated and are rapidly immobilized, preventing further oxidation. At
high aging temperatures, polar molecules remain largely unassociated and oxidation is
free to continue. Even at high aging temperatures, after extremely long aging periods,
there appears to be a practical limit on the effect aging has on physical properties such as
TSRST fracture temperature.114
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7.0 Conclusions
This thesis has discussed elements of the development, validation, and
implementation of performance based test procedures for asphalt-aggregate mixtures that
emerged from the SHRP Asphalt Research Program. Accelerated test procedures for
aging, thermal cracking, and moisture sensitivity were considered. Based on this work
the following key conclusions are made:
1) The aging of asphalt-aggregate mixtures (as measured by the change in
resilient modulus) is influenced by both the aggregate and the asphalt.
Aging of the asphalt alone, and subsequent testing does not appear to
be an adequate means of predicting mixture performance, with respect
to aging because of the apparent mitigating effect aggregate has on
aging.
2) The aging of certain asphalts is strongly mitigated by some aggregates,
but not by others.
3)It is not possible to give a relationship between triaxial MR and
diametral MR without describing test conditions.
4)It is very important to identify the specimen geometry and mode of
loading used to measure MR before using it to draw conclusions.
5) The temperature at which aging occurs affects changes that occur in
cold temperature fracture properties.116
6) At low temperatures, say 50°C, aging appears to "quench" at some
point, so that further aging does not significantly change low
temperature cracking behavior.
7) At high temperatures, say 85°C, aging appears to continue, so that
further aging time significantly changes low temperature cracking
behavior.
8) Inclusion of anti-strip additives may decrease the amount of visual
stripping, but not improve the moisture sensitivity of open graded "F"
mixtures, as indicated by the ECS MR ratio.
9) Inclusion of anti-strip additives does not always decrease (and may
increase) the moisture damage potential for open grade "F" mixtures,
as indicated by the ECS MR ratio.
The following recommendations are made:
1) Continued validation efforts are needed to improve the correlation of
laboratory aging procedures with field aging and should be expanded
to include modified binders and recycled mixtures.
2) Further work is required to determine how aggregate influences aging
in an asphalt-aggregate mixture.
3) The question of whether a specification test for moisture sensitivity of
open graded mixtures is necessary needs to be considered carefully.117
4) The in-service performance of open graded mixtures should continue
to be monitored, with a consistent, objective method, as a means of
validating the ECS failure criterion.
5) The effect of anti-strip additives on overall performance of a mixture
should be studied further.118
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Appendix A: TSRST DataTABLE A-1: TSRST Results- Group 1.
Specimen I.D.Asphalt Type Voids
( %)
Cooling Rate
(°C/hr)
Aging Days
@85°C
Aging Days
@50°C
Fracture
Strength (MPa)
Fracture
Temperature
(°C)
BA1-1 AAA-1 5.1 8.9 0 0 489 -33.0
BA1-2 AAA-1 6.0 10.8 0 0 523 -33.5
BA1-3 AAA-1 5.9 9.0 5 308 -26.7
BA1-5 AAA-1 8.1 9.0 100 194 -11.5
BA1-6 AAA-1 6.8 10.4 5 453 -31.5
BA1-9 AAA-1 6.7 10.3 25 356 -27.9
BA1-10 AAA-1 6.7 102 100 402 -27.3
BA1-11 AAA-1 6.3 10.4 25 376 -23.8
BA2-1 AAA-2 72 10.4 0 0 387 -37.2
BA2-2 AAA-2 5.4 10.4 0 0 467 -36.1
BA2-3 AAA-2 6.8 8.9 5 448 -34.5
BA2-4 AAA-2 4.8 10.0 25 428 -29.5
BA2-5 AAA-2 6.0 9.8 100 193 -12.1
BA2-6 AAA-2 5.2 10.5 5 532 -37.1
BA2-7 AAA-2 6.5 10.4 25 478 -362
BA2-8 AAA-2 6.5 10.5 100 422 -32.6
BA2-9 AAA-2 4.4 10.5 25 484 -34.7
BA2-10 AAA-2 4.3 10.3 5 431 -35.5TABLE A-1: TSRST Results- Group 1 (continued).
Specimen I.D.Asphalt Type Voids
(%)
Cooling Rate
(°C/hr)
Aging Days
(&85°C
Aging Days
@50°C
Fracture
Strength (MPa)
Fracture
Temperature
( °C)
BA2-1 1 AAA-2 3.4 10.1 5 411 -33.3
BA2-12 AAA-2 3.7 9.9 25 413 -28.6
BC1-1 AAC-1 5.0 10.6 0 0 390 -27.4
BC1-2 AAC-1 4.0 10.4 0 0 446 -24.2
BC1-3 AAC-1 4.8 10.0 5 411 -22.8
BC1-4 AAC-1 4.3 9.6 25 363 -17.8
BC1-5 AAC-1 5.7 9.7 100 225 -11.1
BC1-6 AAC-1 4.4 10.1 5 454 -22.4
BC1-7 AAC-1 5.5 10.6 25 372 -23.4
BC1-8 AAC-1 4.8 8.7 100 363 -21.0
BC1-9 AAC-1 7.3 10.3 5 321 -21.9
BC1-10 AAC-1 6.1 10.2 25 323 -19.1
BC1-11 AAC-1 8.5 10.0 5 337 -22.5
BC1-12 AAC-1 6.5 9.8 25 360 -17.8
BC2-1 AAC-2 5.3 10.1 0 0 417 -28.2
BC2-2 AAC-2 4.3 10.5 0 0 465 -28.2
BC2-3 AAC-2 4.9 10.5 5 331 -22.7
BC2-4 AAC-2 4.7 9.8 25 308 -19.1TABLE A-1: TSRST Results - Group 1 (continued).
Specimen I.DAsphalt Type Voids
( %)
Cooling Rate
(°C/hr)
Aging Days
@85°C
Aging Days
@50°C
Fracture
Strength (MPa)
Fracture
Temperature
( °C)
BC2-5 AAC-2 5.6 9.7 100 216 -11.7
BC2-6 AAC-2 4.4 10.2 5 458 -24.3
BC2-7 AAC-2 5.5 9.9 25 418 -26.1
BC2-8 AAC-2 4.3 8.3 100 453 -24.6
BC2-9 AAC-2 4.7 102 5 387 -24.2
BC2-10 AAC-2 3.9 10.1 25 590 -21.0
BC2-11 AAC-2 4.6 10.3 5 318 -22.6
BC2-12 AAC-2 4.9 9.9 25 208 -14.9TABLE A-2: TSRST Results - Group 2.
Specimen I.D.Asphalt Type Voids
( %)
Cooling Rate
(°C/hr)
Aging Days
@85°C
Fracture
Strength (Nli Pa)
Fracture
Temperature
(°C)
BG1L-1 AAG-1 Low 8.8 50 289 -12.7
BG1L-2 AAG-1 Low 9.0 21 228 -11.6
BG1H-1 AAG-1 High 9.9 90 174 -10.5
BK2L-1 AAK-2 Low 10.4 50 376 -21.4
BK2L-2 AAK-2 Low 10.3 90 250 -12.2
BK2L-3 AAK-2 Low 9.9 5 365 -26.9
BK2L-4 AAK-2 Low 10.3 21 343 -25.3
BK2H-1 AAK-2 High 10.1 5 343 -29.4
BK2H-2 AAK-2 High 9.1 21 316 -22.7
BK2H-3 AAK-2 High 8.7 50 NA NA
BK2H-4 AAK-2 High 9.3 90 281 -13.1128
Appendix B: ECS Project Location and Data129
Mix 92A-1: Myrtle Piint SCL - Powers Jct
Contract No. 11110
Additives: None
Asphalt: PBA-5 Asphalt Content = 6.2%
Specimen
ID
ECS
System
Air
Voids
(%)
Cond.
Cycle
ECS
Stress
(psi)
ECS
Strain
(micro)
ECS
MR
(ksi)
ECS
MR
Ratio
Visual
Stripping
(%)
A-03 A NA
0
1
2
3
4
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
162.0
184.0
174.0
184.0
184.0
1.00
1.14
1.07
1.14
1.14
5
A-02 B NA
0
1
2
3
4
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
209.0
224.5
224.5
225.0
227.0
1.00
1.07
1.07
1.08
1.09
5
2.0
1.8
1.6
s) 1.4
1.2.
43 1.0
0.8
;LI 0.6
0.4
0.2
0.0
0
Average ECS Modulus Ratio after 3 cycles = 1.11
Average ECS Modulus Ratio after 4 cycles = 1.11
--s- A-03 -v- A-02
60°C 60°C 60°C -18°C
1 2 3
Cycle
ECS Modulus Ratio Results
4
FIGURE B-1: 1992 ECS Data13()
Mix 92B-1: Pacific Hwy. West - Gateway St.
Contract No. 11194
Additives: Lime 1%, 0.5 Pavebond Special
Aspnan: rtsA-) aspnan content = D. /70
SpecimenECSAirCond. ECS ECSECSECSVisual
ID SystemVoidsCycle StressStrainMR MRStripping
( %) (psi)(micro)(ksi)Ratio (%)
0 NA NA188.0 1.00
1 NA NA166.0 0.88
B-02 A NA 2 NA NA167.0 0.8920
3 NA NA167.0 0.89
4 NA NA167.0 0.89
0 NA NA240.0 1.00
1 NA NA196.0 0.82
B-08 B NA 2 NA NA187.0 0.7820
3 NA NA177.0 0.74
4 NA NA175.0 0.73
2.0
1.8
1.6
S 1.4
a 2
-a)1.0
0.8
ci)
W 0.6
0.4
0.2
0.0
0
Average ECS Modulus Ratio after 3 cycles = 0.81
Average ECS Modulus Ratio after 4 cycles = 0.81
B-02 0 B-08
60°C 60°C 60°C -18°C
1
Cycle
3 4
ECS Modulus Ratio Results
FIGURE B-1: 1992 ECS Data (continued)131
Mix 92C-1: Santiam River Bridge
Contract No. 11038
Additives: Lime 1%, Pavebond Special 0.5%
Asphalt: PBA-5 Asphalt Content: 6.0%
Specimen
ID
ECS
System
Air
Voids
(%)
Cond.
Cycle
ECS
Stress
(psi)
ECS
Strain
(micro)
ECS
MR
(ksi)
ECS
MR
Ratio
Visual
Stripping
(%)
0 NA NA217.8 1.00
2 NA NA224.0 1.03
C-01 A NA 3 NA NA234.3 1.0820
4 NA NA199.0 0.91
0 NA NA306.6 1.00
2 NA NA249.0 0.81
C-03 B NA 3 NA NA245.1 0.8020
4 NA NA240.0 0.78
2.0
1.8
1.6
2 1.4
c=4:1.2
1.0
0.8
c/)
w0.6
0.4
0.2
0.0
0
Average ECS Modulus Ratio after 3 cycles = 0.94
Average ECS Modulus Ratio after 4 cycles = 0.85
-Is- C-01 -cr- C-03
60°C 60°C 60°C -18°C
1 2 3 4
Cycle
ECS Modulus Ratio Results
FIGURE B-1: 1992 ECS Data (continued)132
Mix 92C-2: Santiam River Bridge
Contract No. 11038
Additives: None
A halt: PBA-5 Asuhalt Content: 6.0%
Specimen
ID
ECS
System
Air
Voids
(%)
Cond.
Cycle
ECS
Stress
(psi)
ECS
Strain
(micro)
ECS
MR
(ksi)
ECS
MR
Ratio
Visual
Stripping
(%)
o NA NA220.3 1.00
G-01 A 2 NA NA195.0 0.89 10
NA 3 NA NA175.2 0.80
4 NA NA180.6 0.82
0 NA NA229.3 1.00
G-02 B 2 NA NA200.4 0.87 10
NA 3 NA NA172.6 0.75
4 NA NA176.7 0.77
2.0
1.8
1.6
1.4
1.2
1.0
0.8
cn
W 0.6
0.4
0.2
0.0
0
Average ECS Modulus Ratio after 3 cycles = 0.77
Average ECS Modulus Ratio after 4 cycles = 0.80
0 G-01 G-02
60°C 60°C 60°C -18°C
1 2 3 4
Cycle
ECS Modulus Ratio Results
FIGURE B-1: 1992 ECS Data (continued)133
Mix 92D-1: Youngs Bay
Contract No. 1
Additives: Pavebond
Asphalt: PBA-5 Asphalt
Br. - Warrenton
1162
Special 0.5%
Content = 6.5%
Specimen
ID
ECS
System
Air
Voids
( %)
Cond.
Cycle
ECS
Stress
(psi)
ECS
Strain
(micro)
ECS
MR
(ksi)
ECS
MR
Ratio
Visual
Stripping
(%)
0 NA NA328.5 1.00
D-01 A 2 NA NA315.0 0.96 10
NA 3 NA NA267.6 0.81
4 NA NA302.1 0.92
0 NA NA279.1 1.00
D-0"3 B 2 NA NA260.5 0.93 10
NA 3 NA NA265.5 0.95
4 NA NA292.0 1.05
2.0
1.8
1.6
1.4
W 0.6
0.4
0.2
0.0
Average ECS Modulus Ratio after 3 cycles = 0.88
Average ECS Modulus Ratio after 4 cycles = 0.98
al D-01 v D-03
60°C 60°C 60°C -18°C
0 1 2
Cycle
3
ECS Modulus Ratio Results
4
FIGURE B-1: 1992 ECS Data (continued)134
Mix 92E-1: Eastside Bypass
Contract No. 112200
Additives: Lime 1%, Unichem 0.75%
Asphalt: PEA-6 Asphalt Content = 6.0%
Specimen
ID
ECS
System
Air
Voids
(%)
Cond.
Cycle
ECS
Stress
(psi)
ECS
Strain
(micro)
ECS
MR
(ksi)
ECS
MR
Ratio
Visual
Stripping
(%)
0 NA NA120.9 1.00
E -03 A 2 NA NA114.2 0.9420
NA 3 NA NA117.0 0.97
4 NA NA115.0 0.95
0 NA NA72.3 1.00
E-04 B 2 NA NA84.0 1.1620
NA 3 NA NA96.3 1.33
4 NA NA87.0 1.20
2.0
1.8
1.6
1.4
1.2
1.0
0.8
W 0.6
0.4
0.2
0.0
0
Average ECS Modulus Ratio after 3 cycles = 1.15
Average ECS Modulus Ratio after 4 cycles = 1.08
m E-03 E-04
60°C 60°C 60°C -18°C
1 2 3 4
Cycle
ECS Modulus Ratio Results
FIGURE B-1: 1992 ECS Data (continued)135
Mix 992F-1: Butte Falls Rd.
Contract No. 15-misc.
Additives: None
Asphalt: PBA-5 Asphalt Content = 5.5%
Specimen
ID
ECS
System
Air
Voids
(%)
Cond.
Cycle
ECS
Stress
(psi)
ECS
Strain
(micro)
ECS
MR
(ksi)
ECS
MR
Ratio
Visual
Stripping
(%)
0 NA NA432.2 1.00
F-02 A 2 NA NA315.5 0.7320
NA 3 NA NA328.0 0.76
4 NA NA340.0 0.79
0 NA NA334.0 1.00
F-06 B 2 NA NA230.0 0.6920
NA 3 NA NA250.0 0.75
4 NA NA255.0 0.76
Average ECS Modulus Ratio after 3 cycles = 0.75
Average ECS Modulus Ratio after 4 cycles = 0.78
1 2
Cycle
ECS Modulus Ratio Results
3 4
FIGURE B-1: 1992 ECS Data (continued)I 36
Mix 92G-1: Umatilla - McNary
Contract No. NA
Additives: None
halt: PBA-6 Asphalt Content = 6.2%
Specimen
ID
ECS
System
Air
Voids
( %)
Cond.
Cycle
ECS
Stress
(psi)
ECS
Strain
(micro)
ECS
MR
(ksi)
ECS
MR
Ratio
Visual
Stripping
(%)
0 NA NA111.3 1.00
H-()1 A 2 NA NA101.8 0.91 10
NA 3 NA NA109.6 0.98
4 NA NA107.3 0.96
0 NA NA70.5 1.00
H -03 B 2 NA NA62.0 0.88
NA 1 NA NA66.5 0.94 10
4 NA NA93.2 1.32
2.0
1.8
1.6
.0: 1.4
1.2
1 ON
0
0.8
W 0.6
0.4
0.2
0.0
0
Average ECS Modulus Ratio after 3 cycles = 0.96
Average ECS Modulus Ratio after 4 cycles = 1.14
s H-01 H-03
60°C 60°C 60°C -I8°C
1 2 3 4
Cycle
ECS Modulus Ratio Results
FIGURE B-1: 1992 ECS Data (continued)137
Mix 93A-1: Catching Slough Bridge
Contract No. 11249
Additives: None
Asphalt. PBA-5 Asphalt Content: 5.8%
Specimen
ID
ECS
System
Cond.
Cycle
ECS
Stress
(psi)
ECS
Strain
(ksi)
ECS
MR
(ksi)
ECS
MR
Ratio
Visual
Stripping
(%)
0 25.6 101.0253.1 1.00
1 26.8 103.2259.3 1.02
ORA-01 A 2 26.4 97.1272.2 1.085-10%
3 24.2 102.6236.2 0.93
0 17.3 97.1178.6 1.00
1 14.6 103.2142.2 0.80
ORA-02 B 2 15.4 102.4150.3 0.845-10%
3 14.6 100.5145.5 0.81
2.0
1.8
1.2
1.0
0.8
LL4 0.6
0.4
0.2
0.0
Average ECS Modulus Ratio after 3 cycles = 0.87
-IN- ORA-01 -v- ORA-02
60°C 60°C 60°C -18°C
0 1 2 3 4
Cycle
ECS Modulus Ratio Results
FIGURE B-2: 1993 ECS Data138
Mix 93B-1: Coquille Reroute
Contract No. 11013
Additives: None
Asphalt. PBA-5 Asphalt Content: 5.5%
Specimen
ID
ECS
System
Cond.
Cycle
ECS
Stress
(psi)
ECS
Strain
(ksi)
ECS
MR
(ksi)
ECS
MR
Ratio
Visual
Stripping
(%)
0 32.3 99.1325.9 1.00
1 24.1 95.3252.8 0.78
ORB-01 A 2 19.9 96.5206.7 0.635-10%
3 22.3 98.1227.0 0.70
0 27.4 96.7282.9 1.00
1 25.3 97.8258.5 0.91
ORB-03 A 20 23.9 102.9231.9 0.825-10%
30 23.0 103.5221.9 0.78
0 21.2 96.3220.3 1.00
1 17.5 100.3174.8 0.79
ORB-04 B 2 15.0 100.8149.2 0.685-10%
3 17.9 97.6183.1 0.83
2.0
1.8
W 0.6
0.4
0.2
0.0
Samples lack of straightness resulted in eccentric loading; it is
unknow if this affected the results.
Average ECS Modulus Ratio after 3 cycles = 0.71
-N- ORB-01 ORB-03 -so- ORB-04
60°C 60°C 60°C -18°C
0 1 2
Cycle
ECS Modulus Ratio Results
3 4
FIGURE B-2: 1993 ECS Data (continued)139
Mix 93B-2: Coquille Reroute
Contract No. 11013
Additives: Pavebond Special 0.5%
halt. PBA-5 Asphalt Content: 5.5%
Specimen
ID
ECS
System
Cond.
Cycle
ECS
Stress
(psi)
ECS
Strain
(ksi)
ECS
MR
(ksi)
ECS
MR
Ratio
Visual
Stripping
(%)
0 32.8 99.9328.4 1.00
I 24.8 100.0247.8 0.75
ORI-03 A 2 22.5 99.5226.0 0.690-5%
3 21.9 103.5211.9 0.65
0 22.6 98.7229.2 1.00
1 17.9 97.0185.0 0.81
ORI-04 B 2 16.6 96.8171.9 0.750-5%
3 17.9 104.8171.1 0.75
2.0
1.8
W 0.6
0.4
0.2
0.0
Average ECS Modulus Ratio after 3 cycles = 0.70
ORI-03 -v-- ORI -04
60°C 60°C 60°C -18°C
0 1 2
Cycle
ECS Modulus Ratio Results
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FIGURE B-2: 1993 ECS Data (continued)140
Mix 93B-3: Coquille Reroute
Contract No. 11013
Additives: Pavebond Light 0.5%
halt. PBA-5 Asphalt Content: 6.0%
Specimen
ID
ECS
System
Cond.
Cycle
ECS
Stress
(psi)
ECS
Strain
(ksi)
ECS
MR
(ksi)
ECS
MR
Ratio
Visual
Stripping
(%)
0 25.3 100.7251.4 1.00
1 25.7 99.9257.5 1.02
ORJ-03 A 2 23.3 98.9235.8 0.940-5%
3 23.0 99.2231.8 0.92
0 21.5 103.1208.9 1.00
1 24.0 104.1230.9 1.11
ORJ-04 B 2 24.1 106.5226.4 1.080-5%
3 22.7 102.6220.9 1.06
Average ECS Modulus Ratio after 3 cycles = 0.99
2.0
1.8-r
1.6
1.4
1.2
1.0
0.8
w 0.6
ORJ-03QORJ-04
0.4
0.2--
60°C 60°C 60°C -18°C
0.0
0 1 2 3 4
Cycle
ECS Modulus Ratio Results
FIGURE B-2: 1993 ECS Data (continued)141
Mix 93C-1: Perrydale/Crowley Rd.
Contract No. 11300
Additives: None
Asphalt. PBA-5 Asphalt Content: 6.0%
Specimen
ID
ECS
System
Cond.
Cycle
ECS
Stress
(psi)
ECS
Strain
(ksi)
ECS
MR
(ksi)
ECS
MR
Ratio
Visual
Stripping
(%)
0 23.6 100.8233.7 1.00
1 20.8 101.1206.3 0.88
ORC-02 A 2 23.6 95.0248.4 1.065-10%
3 24.4 105.8230.4 0.99
0 21.5 104.2206.7 1.00
1 18.6 102.8180.4 0.87
ORC-03 B 2 18.7 97.4191.9 0.935-10%
3 20.0 99.3201.6 0.98
2.0
1.8
C21.2
4 1.0
0
0.8
(.1
w 0.6
0.4
Average ECS Modulus Ratio after 3 cycles = 0.98
0.2
0.0
0
ORC-02 -v- ORC-03
60°C 60°C 60°C -18°C
1 2 3 4
Cycle
ECS Modulus Ratio Results
FIGURE B-2: 1993 ECS Data (continued)142
Mix 93C-2: Perrydale/Crowley Rd.
Contract No. 11300
Additives: Pavebond Special 0.5%
halt PBA-5 Asuhalt Content: 6.2%
Specimen
ID
ECS
System
Cond.
Cycle
ECS
Stress
(psi)
ECS
Strain
(ksi)
ECS
MR
(ksi)
ECS
MR
Ratio
Visual
Stripping
(%)
0 32.5 99.9325.0 1.00
1 27.0 104.6257.9 0.79
ORN-02 A 2 26.6 102.6258.9 0.800-5%
3 23.9 102.8232.7 0.72
0 20.9 88.0237.6 1.00
1 22.2 103.9214.0 0.90
ORN-03 B 2 22.7 100.0226.6 0.950-5%
3 19.9 102.0195.2 0.82
2.0
1.8
1.2
V.0
0.8
u.) 0.6
Average ECS Modulus Ratio after 3 cycles = 0.77
0.4
0.2
0.0
-- ORN-02 -9- ORN-03
7
60°C 60°C 60°C -18°C
0 1 2 3 4
Cyclecle
ECS Modulus Ratio Results
FIGURE B-2: 1993 ECS Data (continued)143
Mix 93D-1: Remote Campground
Contract No. 11291
Additives: None
halt. PBA-5 Asphalt Content: 5.5%
Specimen
ID
ECS
System
Cond.
Cycle
ECS
Stress
(psi)
ECS
Strain
(ksi)
ECS
MR
(ksi)
ECS
MR
Ratio
Visual
Stripping
(%)
0 22.1 98.5224.0 1.00
1 25.1 101.8247.0 1.10
ORD-01 A 2 20.9 102.4204.0 0.910-5%
3 18.3 95.4191.4 0.85
0 18.8 103.4182.1 1.00
1 20.1 103.1194.7 1.07
ORD-02 B 2 18.4 102.6179.3 0.980-5%
3 16.1 99.2162.6 0.89
2.0
1.8
1.6
Average ECS Modulus Ratio after 3 cycles = 0.87
° 1.4
1.2
1 0 N
0.8
Li) 0.6
0.4
0.2
0.0
0
-0- ORD-01 -v- ORD-02
60°C 60°C 60°C -18°C
1 2 3 4
Cycle
ECS Modulus Ratio Results
FIGURE B-2: 1993 ECS Data (continued)144
Mix 93D-2: Remote Campground
Contract No. 11291
Additives: Pavebond Light 0.5%
Asphalt. PBA-5 Asphalt Content: 5.5%
Specimen
ID
ECS
System
Cond.
Cycle
ECS
Stress
(psi)
ECS
Strain
(ksi)
ECS
MR
(ksi)
ECS
MR
Ratio
Visual
Stripping
(%)
0 18.9 95.9197.6 1.00
1 19.4 98.4197.2 1.00
ORM-01 A 2 19.6 104.8187.3 0.950-5%
3 17.6 98.5178.4 0.90
0 24.4 96.2254.0 1.00
1 24.9 101.0246.9 0.97
ORM-02 B 2 24.7 106.4232.3 0.910-5%
3 24.5 100.5243.9 0.96
2.0
1.8
1.6
.8)1.4
o41.2
r.
0 1.0
0.8
on
C)Lu 0.6
0.4
0.2
0.0
0
Average ECS Modulus Ratio after 3 cycles = 0.93
-m- ORM-01 -v- ORM-02
60°C 60°C 60°C -18°C
1 2 3 4
Cycle
ECS Modulus Ratio Results
FIGURE B-2: 1993 ECS Data (continued)145
Mix 93E-1: District 6 Overlay
Contract No. 11287
Additives: None
halt PBA-5 Asphalt Content: 6.0%
°
Specimen
ID
ECS
System
Cond.
Cycle
ECS
Stress
(psi)
ECS
Strain
(ksi)
ECS
MR
(ksi)
ECS
MR
Ratio
Visual
Stripping
(%)
0 26.2 103.6252.5 1.00
1 24.1 100.5239.7 0.95
ORE-03 A 2 25.6 100.7254.5 1.010-5%
3 27.1 99.6272.4 1.08
0 22.3 100.2223.3 1.00
1 21.6 103.8208.1 0.93
ORE-04 B 2 20.9 103.7201.5 0.900-5%
3 23.6 96.8243.6 1.09
2.0
1.8
1.6
Average ECS Modulus Ratio after 3 cycles = 1.08
1.4
1.2
1.0
0.8
W0.6-.
0.4
0.2
0.0
0
-m- ORE-03 ORE-04
60°C 60°C 60°C -18°C
1 2 3 4
Cycle
ECS Modulus Ratio Results
FIGURE B-2: 1993 ECS Data (continued)146
Mix 93F-1: Mal ler/Glencoe Rd.
Contract No. 11342
Additives: None
Asphalt. PBA-5 Asphalt Content: 5.0%
Specimen
ID
ECS
System
Cond.
Cycle
ECS
Stress
(psi)
ECS
Strain
(ksi)
ECS
MR
(ksi)
ECS
MR
Ratio
Visual
Stripping
(%)
0 22.5 96.0234.0 1.00
1 16.4 101.0162.1 0.69
ORF-02 A 2 19.1 100.8189.5 0.8110-20%
3 18.4 97.4188.8 0.81
0 17.8 98.2180.9 1.00
1 9.0 92.696.9 0.54
ORF-04 B 2 14.7 114.0129.3 0.7110-20%
3 14.7 114.0129.3 0.71
2.0
1.8
0.8
W 0.6
Average ECS Modulus Ratio after 3 cycles = 0.76
0.4
0.2
0.0
-- ORF-02 -v-- ORF-04
60°C 60°C 60°C -I 8°C
0 1 2 3 4
Cycle
ECS Modulus Ratio Results
FIGURE B-2: 1993 ECS Data (continued)147
Mix 93F-2: Mailer /Glencoe Rd.
Conrtract No. 11342
Additives: Pavebond Special
Asphalt Content: 5.0%
Specimen
ID
ECS
System
Cond.
Cycle
ECS
Stress
(psi)
ECS
Strain
(ksi)
ECS
MR
(ksi)
ECS
MR
Ratio
Visual
Stripping
(%)
0 24.2 99.8242.2 1.00
1 19.7 103.4191.1 0.79
ORO -02 A 2 26.0 103.3251.7 1.040-5%
3 25.7 100.1257.0 1.06
0 15.7 103.2152.1 1.00
1 15.2 100.6151.5 1.00
ORO -03 B 2 12.8 103.1124.6 0.820-5%
3 15.7 99.6157.3 1.03
2.0
1.8
1.6
.8 1.4
.q1 2
5
1.0
0.8
w 0.6
0.4
0.2
0.0
0 1
Average ECS Modulus Ratio after 3 cycles = 1.05
--- ORO -02 ORO -03
60°C 60°C 60°C -I8°C
2 3 4
Cycle
ECS Modulus Ratio Results
FIGURE B-2: 1993 ECS Data (continued)148
Mix 93F-3: Maller/Glencoe Rd.
Conrtact No. 11342
Additives: Lime 1.0%
As halt. PBA-5 Asohalt Content: 5.0%
Specimen
ID
ECS
System
Cond.
Cycle
ECS
Stress
(psi)
ECS
Strain
(ksi)
ECS
MR
(ksi)
ECS
MR
Ratio
Visual
Stripping
(%)
0 30.3 102.1297.0 1.00
I 23.7 103.7228.7 0.77
ORP-03 A 2 24.4 102.0239.6 0.810-5%
3 24.2 95.9252.5 0.85
0 22.2 98.5224.9 1.00
1 22.3 98.1227.8 1.01
ORP-(14 B 2 20.4 102.5199.3 0.890-5%
3 20.6 100.1205.7 0.91
2.0
1.8
1.6
0 1.4
1.2
1.0
0.8
Uw 0.6
0.4
0.2
0.0
Average ECS Modulus Ratio after 3 cycles = 0.88
ORP-03 ORP-04
60°C 60°C 60°C -18°C
0 1 2 3 4
Cycle
ECS Modulus Ratio Results
FIGURE B-2: 1993 ECS Data (continued)149
Mix 93G-1: Braaten Rd./Little Nesstucca
Contract No. 11296
Additives: None
Asphalt. PBA-5 Asphalt Content: 5.0%
Specimen
11)
ECS
System
Cond.
Cycle
ECS
Stress
(psi)
ECS
Strain
(ksi)
ECS
MR
(ksi)
ECS
MR
Ratio
Visual
Stripping
(%)
o 20.9 99.3210.3 1.00
1 19.0 102.6185.0 0.88
ORG-03 A 2 18.0 102.4175.6 0.840-5%
18.1 98.6183.2 0.87
o 20.2 103.8194.3 1.00
1 16.3 101.4160.5 0.83
ORG-04 B 2 16.2 103.3157.1 0.810-5%
3 16.4 100.1163.6 0.84
2.0
1.8
W 0.6
0.4
0.2
0.0
Average ECS Modulus Ratio after 3 cycles = 0.86
ORG-03 -v- ORG-04
60°C 60°C 60°C -18°C
0 1 2 3 4
Cycle
ECS Modulus Ratio Results
FIGURE B-2: 1993 ECS Data (continued)150
Mix 9311-1: Lane County/Crow Rd.
Contract No. 20-Misc
Additives: Pavebond Special 0.5%
Asphalt. PBA-5 Asphalt Content: 6.0%
Specimen
11)
ECS
System
Cond.
Cycle
ECS
Stress
(psi)
ECS
Strain
(ksi)
ECS
MR
(ksi)
ECS
MR
Ratio
Visual
Stripping
(%)
0 27.1 100.3270.4 1.00
1 30.2 101.0298.6 1.10
ORH-03 A 2 30.3 103.2293.3 1.085-10%
3 28.2 102.6274.8 1.02
0 20.5 100.6203.9 1.00
1 22.4 98.7227.3 1.11
ORH-04 B 2 22.1 98.4224.5 1.105-10%
3 21.7 103.8209.4 1.03
2.0
1.8
1.6
°1 4 .tcl
1.2
4
-mi.°1.0
0.8
t.4
C.)0.6
0.4
0.2
0.0
0
Average ECS Modulus Ratio after 3 cycles = 1.02
-m- ORH-03 -v- ORH-04
60°C 60°C 60°C -18°C
1 2 3
Cycle
ECS Modulus Ratio Results
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FIGURE B-2: 1993 ECS Data (continued)151
Mix 931-1: Rufus/Arlington
Contract No. 11256
Additives: Lime 1%
halt. PBA-6 Asuhalt Content: 6.0%
Specimen
ID
ECS
System
Cond.
Cycle
ECS
Stress
(psi)
ECS
Strain
(ksi)
ECS
MR
(ksi)
ECS
MR
Ratio
Visual
Stripping
(%)
() 10.1 98.0103.2 1.00
1 9.3 97.695.3 0.92
ORK-02 A 2 9.7 100.795.9 0.930-5%
3 9.6 97.998.4 0.95
() 7.3 95.576.5 1.00
1 8.0 103.077.9 1.02
ORK-03 B 2 8.9 100.588.2 1.150-5%
3 8.9 97.291.6 1.20
2.0
1.8
111 0.6
0.4
0.2
0.0
Average ECS Modulus Ratio after 3 cycles = 1.07
-N- ORK-02IIORK-03
60°C 60°C 60°C -18°C
0 1 2 3 4
Cycle
ECS Modulus Ratio Results
FIGURE B-2: 1993 ECS Data (continued)152
Mix 93J-1: Durkee Interchange
Contract No. 11170
Additives: None
Asphalt. PBA-6 Asphalt Content: 5.5%
Specimen
ID
ECS
System
Cond.
Cycle
ECS
Stress
(psi)
ECS
Strain
(ksi)
ECS
MR
(ksi)
ECS
MR
Ratio
Visual
Stripping
(%)
0 10.2 105.097.0 1.00
1 10.0 103.696.9 1.00
ORL-01 A 2 10.1 97.6103.2 1.060-5%
3 10.3 98.1104.6 1.08
0 11.5 95.6120.6 1.00
1 12.1 99.8121.2 1.01
ORL-02 B 2 13.0 101.1129.1 1.070-5%
3 13.0 102.8126.4 1.05
2.0
1.8
1.6
01.4-
r:21.2
-c)0 1
0
0.8
440.6
0.4
0.2
0.0
0
Average ECS Modulus Ratio after 3 cycles = 1.06
ORL-01 -v- ORL-02
60°C 60°C 60°C -18°C
1 2 3
Cycle
ECS Modulus Ratio Results
4
FIGURE B-2: 1993 ECS Data153
Mix 93K-1: Trail Casey
Contract No. 11237
Additives: None
halt. PBA-5 Asphalt Content: 5.0%
Specimen
ID
ECS
System
Cond.
Cycle
ECS
Stress
(psi)
ECS
Strain
(ksi)
ECS
MR
(ksi)
ECS
MR
Ratio
Visual
Stripping
( %)
0 26.0 102.1254.5 1.00
1 23.9 105.4226.6 0.89
ORQ-01 A 2 20.2 101.2199.5 0.780-5%
3 16.7 95.8174.5 0.69
0 15.3 101.2151.3 1.00
1 16.6 102.2163.0 1.08
ORQ-02 B 2 13.1 96.8135.5 0.900-5%
1 11.8 100.8116.9 0.77
2.0
1.8
0.8
W 0.6
Average ECS Modulus Ratio after 3 cycles = 0.73
0.4
0.2
0.0
0
ORQ-01 ORQ-02
60°C 60°C 60°C -18 °C
1 2
Cycle
ECS Modulus Ratio Results
4
FIGURE B-2: 1993 ECS Data(continued)154
Mix 93K-2: Trail Casey
Contract No. 11237
Additives: Pavebond Light 0.5%
Asphalt. PBA-5 Asphalt Content: 5.0%
Specimen
ID
ECS
System
Cond.
Cycle
ECS
Stress
(psi)
ECS
Strain
(ksi)
ECS
MR
(ksi)
ECS
MR
Ratio
Visual
Stripping
(%)
0 26.9 102.7262.4 1.00
1 23.5 102.4229.9 0.88
ORR-01 A 2 22.1 103.1214.8 0.820-5%
3 24.5 103.1237.9 0.91
0 22.9 100.3228.3 1.00
1 18.6 101.1183.6 0.80
ORR-03 B 2 20.4 98.8206.8 0.910-5%
3 24.6 101.4242.4 1.06
Average ECS Modulus Ratio after 3 cycles = 0.98
2.0
1.8
1.6
1.4
1.2
1.0
0.8
Et)
140.6
-N-ORR-01 -v- ORR-03
0.4
0.2
60°C 60°C 60°C -18°C
0.0
0 1 2
Cycle
ECS Modulus Ratio Results
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FIGURE B-2: 1993 ECS Data (continued)155
Mix 93L-1: Halsey Interchange
Contract No. 11294
Additives: Lime 1.0%
halt. PBA-6 Asphalt Content: 6.0%
Specimen
ID
ECS
System
Cond.
Cycle
ECS
Stress
(psi)
ECS
Strain
(ksi)
ECS
MR
(ksi)
ECS
MR
Ratio
Visual
Stripping
(%)
0 9.9 99.899.3 1.00
1 6.6 97.567.4 0.68
ORS-01 A 2 7.8 99.078.8 0.795-10%
3 8.0 104.476.8 0.77
0 8.1 101.179.7 1.00
1 6.6 96.868.5 0.86
ORS-03 B 2 7.8 101.176.8 0.965-10%
3 7.8 101.376.5 0.96
2.0
1.8
1.6
Average ECS Modulus Ratio after 3 cycles = 0.87
..S) 1.4
c21 2
1.0 v
0.8
r.14 0.6
AN- ORS-01 ORS-03
0.4
0.2
60°C 60°C 60°C -18°C
0.0
0 1 2 3 4
Cycle
ECS Modulus Ratio Results
FIGURE B-2: 1993 ECS Data (continued)156
Mix 93M.-1: Nedonna Beach Rd.Bar% icy%
Contract No. 11305
Additives: None
Asphalt. PBA-5 Asphalt Content: 5.5%
Specimen
ID
ECS
System
Cond.
Cycle
ECS
Stress
(psi)
ECS
Strain
(ksi)
ECS
MR
(ksi)
ECS
MR
Ratio
Visual
Stripping
(%)
0 19.9 97.7204.3 1.00
1 19.7 100.1197.0 0.96
ORT-01 C 2 14.3 99.9142.7 0.700-5%
3 19.1 100.4190.4 0.93
0 14.4 100.9142.4 1.00
1 15.9 99.7159.0 1.12
ORT-02 C 2 16.2 100.1161.5 1.130-5%
3 15.4 100.2153.4 1.08
2.0
1.8
1.2
1.0
0.8
U
W 0.6
0.4
0.2
0.0
Average ECS Modulus Ratio after 3 cycles = 1.00
-.- ORT-01 -v- ORT-02
60°C 60°C 60°C -18°C
0 1 2 3 4
Cycle
ECS Modulus Ratio Results
FIGURE B-2: 1993 ECS Data (continued)157
Mix 93N-1: Depoe Bay Bridge/N.E. 54th St..
Contract No. 11333
Additives: None
Asphalt. PBA-5 Asphalt Content: 5.5%
Specimen
ID
ECS
System
Cond.
Cycle
ECS
Stress
(psi)
ECS
Strain
(ksi)
ECS
MR
(ksi)
ECS
MR
Ratio
Visual
Stripping
(%)
0 24.2 100.0242.0 1.00
1 24.8 102.5241.7 1.00
ORU-01 B 2 26.1 103.2252.5 1.040-5%
3 20.3 104.5194.5 0.80
0 25.6 98.8259.2 1.00
1 28.1 99.4282.9 1.09
ORU-02 B 2 28.3 100.3282.8 1.090-5%
3 28.1 109.1257.7 0.99
2.0
1.8
1.6
8 1.4
Average ECS Modulus Ratio after 3 cycles = 0.90
0.8
4.) 0.6
0.4
0.2
0.0
ORU-01 ORU-02
60°C 60°C 60°C -18°C
0 1 2 3
Cycle
ECS Modulus Ratio Results
4
FIGURE B-2: 1993 ECS Data (continued)158
Mix 930-1: Susan Creek - USFS Boundary
Contract No. 11278
Additives: None
Asphalt. PBA-5 Asphalt Content: 5.0%
Specimen
ID
ECS
System
Cond.
Cycle
ECS
Stress
(psi)
ECS
Strain
(ksi)
ECS
MR
(ksi)
ECS
MR
Ratio
Visual
Stripping
(%)
0 17.5 102.0173.0 1.00
1 17.7 101.3174.2 1.01
ORV-01 C 2 16.4 98.5166.6 0.960-5%
3 14.7 100.8145.7 0.84
0 17.4 100.1173.8 1.00
I 20.1 99.7201.1 1.16
ORV-03 C 2 14.7 100.0146.6 0.840-5%
3 16.5 99.9165.4 0.95
2.0
1.8
1.6
S 1.4
1.2
1.0
0.8
W 0.6
0.4
0.2
0.0
Average ECS Modulus Ratio after 3 cycles = 0.90
-m- ORV-01 V ORV-03
60°C 60°C 60°C -18°C
0 1 2 3 4
Cycle
ECS Modulus Ratio Results
FIGURE B-2: 1993 ECS Data (continued)159
Mix 93P-1: Sams Valley - Shady Cove
Contract No. 11324
Additives: None
Asphalt. PBA-5 Asphalt Content: 6.0%
Specimen
ID
ECS
System
Cond.
Cycle
ECS
Stress
(psi)
ECS
Strain
(ksi)
ECS
MR
(ksi)
ECS
MR
Ratio
Visual
Stripping
(%)
0 18.4 100.4183.2 1.00
1 22.3 99.8223.8 1.22
ORW-01 C 2 14.7 100.1146.6 0.800-5%
3 14.3 99.6143.2 0.78
0 30.4 100.5302.8 1.00
1 26.8 100.0267.9 0.89
ORW-04 C 2 23.7 100.2236.1 0.780-5%
3 21.1 99.9211.7 0.70
2.0
1.8
Average ECS Modulus Ratio after 3 cycles = 0.74
0.8
W 0.6
0.4
0.2
0.0
-NI- ORW-01 -v- ORW-04
0 2
Cycle
ECS Modulus Ratio Results
3 4
FIGURE B-2: 1993 ECS Data (continued)160
Mix 93P-2: Sams Valley - Shady Cove
Contract No. 11324
Additives: Pavebond Light 1.0%
Asphalt. PBA-5 Asphalt Content: 5.5%
Specimen
ID
ECS
System
Cond.
Cycle
ECS
Stress
(psi)
ECS
Strain
(ksi)
ECS
MR
(ksi)
ECS
MR
Ratio
Visual
Stripping
(%)
0 33.6 101.0332.5 1.00
1 26.4 104.3253.3 0.76
ORY-01 A 2 26.3 97.7269.5 0.810-5%
3 29.2 102.9283.9 0.85
0 22.7 98.0231.3 1.00
1 20.9 103.7201.8 0.87
ORY-04 B 2 21.1 95.9220.1 0.950-5%
3 24.4 94.5258.3 1.12
2.0
1.8
1.6
°1.4
1.2
g1.0
5
0.8
c/)
C.)w 0.6
0.4-
0.2
0.0
0
Average ECS Modulus Ratio after 3 cycles = 0.99
ORY-01 -v- ORY-04
60°C 60°C 60°C -18°C
1 2 3 4
Cycle
ECS Modulus Ratio Results
FIGURE B-2: 1993 ECS Data (continued)161
Mix 93Q-1: Boulder Flat - Fish Creek Bridge
Contract No. 11165
Additives: Lime 1.0%
Asohalt PBA-5 Asphalt Content: 5.5%
Specimen
ID
ECS
System
Cond.
Cycle
ECS
Stress
(psi)
ECS
Strain
(ksi)
ECS
MR
(ksi)
ECS
MR
Ratio
Visual
Stripping
(%)
0 23.8 104.8226.8 1.00
1 21.6 105.3205.0 0.90
ORX-01 A 2 22.7 101.0224.5 0.990-5%
3 23.7 99.1239.4 1.06
0 21.1 100.2210.9 1.00
1 21.7 102.8211.1 1.00
ORX-03 B 2 21.7 103.2209.8 0.990-5%
3 19.6 102.8190.3 0.90
2.0
1.8
1.6
S 1.4
ill 0.6
0.4
0.2
0.0
Average ECS Modulus Ratio after 3 cycles = 0.98
ORX-01 ORX-03
60°C 60°C 60°C -18°C
0 1 2 3 4
Cycle
ECS Modulus Ratio Results
FIGURE B-2: 1993 ECS Data (continued)l(2
Mix 93R-1: Klamath Falls - Malin Hwy.
Contract No. 11351
Additives: Lime 1.0%
Asphalt. PBA-6 Asphalt Content: 6.0%
Specimen
ID
ECS
System
Cond.
Cycle
ECS
Stress
(psi)
ECS
Strain
(ksi)
ECS
MR
(ksi)
ECS
MR
Ratio
Visual
Stripping
(%)
0 8.1 98.082.3 1.00
1 8.9 105.384.2 1.02
ORZ-01 A 2 7.9 99.979.0 0.965-10%
3 8.7 100.187.0 1.06
0 9.3 96.895.7 1.00
1 7.9 104.375.3 0.79
ORZ-04 B 2 8.9 105.284.4 0.880-5%
3 7.8 104.674.8 0.78
2.0
1.8
c3,1.2
V.0
0.8
0.4
0.2
0.0
Average ECS Modulus Ratio after 3 cycles = 0.92
ORZ-01 ORZ-04
60°C 60°C 60 °C - 1 8 ° C
0 1 2 3 4
Cycle
ECS Modulus Ratio Results
FIGURE B-2: 1993 ECS Data (continued)163
Mix 93S-1: Kah- nee -tah Junction
Contract No. 11360
Additives: Lime 1.0%
halt: PBA-6GR Asphalt Content: 6.0%
Specimen
ID
ECS
System
Cond.
Cycle
ECS
Stress
(psi)
ECS
Strain
(ksi)
ECS
MR
(ksi)
ECS
MR
Ratio
Visual
Stripping
(%)
o 11.5 100.4114.9 1.00
I 8.4 101.682.4 0.72
ORAA1 C 2 9.9 100.898.0 0.850-5%
3 10.8 100.3107.7 0.94
0 9.2 99.592.0 1.00
1 11.7 100.1117.1 1.27
ORAA4 C 2 10.5 100.4104.2 1.130-5%
3 11.5 100.4114.0 1.24
2.0
1.8
(221.2
V.0
0.8
W 0.6
0.4
Average ECS Modulus Ratio after 3 cycles = 1.09
0.2
0.0
0
ORAA1 ORAA4
60°C 60°C 60°C -18°C
1 2 3 4
Cycle
ECS Modulus Ratio Results
FIGURE B-2: 1993 ECS Data (continued)164
Mix 93T-1: US 26 - 115
Contract No. 11361
Additives: Lime 1.0%
Asphalt. PBA-6 Asphalt Content: 5.5%
SpecimenECSCond. ECS ECSECSECSVisual
ID SystemCycle Stress StrainMR MRStripping
(psi) (ksi)(ksi)Ratio (%)
0 4.5 100.045.3 1.00
I 4.8 100.847.4 1.05
ORAB I C 2 4.5 100.145.1 0.990-5%
3 4.6 99.945.8 1.01
0 4.2 100.441.5 1.00
1 4.6 99.646.5 1.12
ORAB2 C 2 3.3 99.733.2 0.800-5%
3 4.8 100.047.8 1.15
Average ECS Modulus Ratio after 3 cycles = 1.08
2.0
1.8
1.6
.5 1.4
cc?,1.2 v
i 1.0
0.8 ul
Uw 0.6
-m- ORAB1-v- ORAB2
0.4
0.2
60°C 60°C 60°C -18°C
0.0
0 1 2 3 4
Cycle
ECS Modulus Ratio Results
FIGURE B-2: 1993 ECS Data (continued)1 65
Mix 93T-2: U.S. 26 - 15
Contract No. 11361
Additives: Pavebond Special 0.5% Lime 1.0%
Asphalt. PBA-6 Asphalt Content: 4.8%
Specimen
ID
ECS
System
Cond.
Cycle
ECS
Stress
(psi)
ECS
Strain
(ksi)
ECS
MR
(ksi)
ECS
MR
Ratio
Visual
Stripping
(%)
0 6.5 99.965.4 1.00
1 6.4 98.565.2 1.00
ORAC-01 A 2 6.4 101.863.0 0.960-5%
3 6.5 103.962.3 0.95
0 6.9 99.069.7 1.00
1 7.1 99.871.3 1.02
ORAC-02 B 2 7.9 100.078.6 1.130-5%
3 6.5 98.665.4 0.94
2.0
1.8
1.6
.1.4
W0.6
Average ECS Modulus Ratio after 3 cycles = 0.95
0.4
0.2
0.0
0
--m- ORAC-01 -w- ORAC-02
60°C 60°C 60°C -18°C
1 2 3 4
Cycle
ECS Modulus Ratio Results
FIGURE B-2: 1993 ECS Data (continued)166
Mix 93U-1: MP 66.9 - Junction Wapinitia
Contract No. 11269
Additives: Lime 1.0%
Asphalt. PBA-6 Asphalt Content: 5.5%
Specimen
ID
ECS
System
Cond.
Cycle
ECS
Stress
(psi)
ECS
Strain
(ksi)
ECS
MR
(ksi)
ECS
MR
Ratio
Visual
Stripping
(%)
0 6.6 99.766.0 1.00
1 6.9 96.372.0 1.09
ORAD-01A 2 5.5 100.954.6 0.835-10%
3 5.5 99.055.7 0.85
0 7.5 98.076.7 1.00
1 8.0 103.477.8 1.01
ORAD-04 B 2 5.9 96.161.5 0.805-10%
3 6.4 95.367.3 0.88
2.0
1.8
1.6
1.4
rc:141.2
1.0
0.8
u4 0.6
0.4
0.2
0.0
0
Average ECS Modulus Ratio after 3 cycles = 0.86
V
ORAD-01 ORAD-04
60°C 60°C 60°C -18°C
1 2
Cycle
ECS Modulus Ratio Results
3 4
FIGURE B-2: 1993 ECS Data (continued)167
Mix 93U-2: MP 66.9 - Junction Wapinitia
Contract No. 11269
Additives: Lime 1.0% Pavebond Special 0.5%
Asphalt. PBA-6 Asphalt Content: 5.5%
Specimen
ID
ECS
System
Cond.
Cycle
ECS
Stress
(psi)
ECS
Strain
(ksi)
ECS
MR
(ksi)
ECS
MR
Ratio
Visual
Stripping
(%)
0 9.3 102.291.2 1.00
1 9.4 96.297.8 1.07
ORAF-02A 2 10.0 98.0102.5 1.120-5%
3 10.2 101.3100.3 1.10
00 5.9 98.060.4 1.00
10 5.3 101.052.6 0.87
ORAF-04 B 20 3.8 102.837.3 0.620-5%
3 C) 2.8 99.428.6 0.47
Ci Stress is too low for accurate test results.
Average ECS Modulus Ratio after 3 cycles = 0.79
2.0
1.8
-m- ORAF-02 --w- ORAF-04
1.6
3 1.4
1.2
43 1.0
0
0.8
1.4 0.6
7
0.4
0.2
60°C 60°C 60°C -18°C
0.0
0 1 2 3 4
Cycle
ECS Modulus Ratio Results
FIGURE B-2: 1993 ECS Data (continued)168
Mix 93V-1: Ocho lo Summit - MP 60.5
Contract No. 11364
Additives: Lime 1.0%
Asphalt. PBA-6 Asphalt Content: 5.0%
Specimen
ID
ECS
System
Cond.
Cycle
ECS
Stress
(psi)
ECS
Strain
(ksi)
ECS
MR
(ksi)
ECS
MR
Ratio
Visual
Stripping
(%)
() 7.9 100.478.5 1.00
1 10.5 101.8103.1 1.31
ORAE-02A 2 9.5 101.793.2 1.190-5%
3 11.5 102.7111.9 1.43
0 8.6 97.588.5 1.00
1 7.8 99.878.2 0.88
ORAE-03 B 2 8.0 99.780.1 0.900-5%
3 7.5 100.074.5 0.84
2.0
1.8
1.6
.E 1.4
1.2
1.0
0
0.8
En
41 0.6
0.4
Average ECS Modulus Ratio after 3 cycles = 1.13
7
0.2
60°C
0.0
-N- ORAE-02 ORAE-03
60°C 60°C -18°C
0 1 2 3 4
Cycle
ECS Modulus Ratio Results
FIGURE B-2: 1993 ECS Data(continued)I 69
Mix 93W-1: Battle Creek/N. Jefferson
Contract No. 11365
Additives: Lime 1.0%
Asphalt. PBA-5 Asuhalt Content: 5.5%
Specimen
ID
ECS
System
Cond.
Cycle
ECS
Stress
(psi)
ECS
Strain
(ksi)
ECS
MR
(ksi)
ECS
MR
Ratio
Visual
Stripping
(%)
0 28.8 103.3279.0 1.00
1 23.8 97.0246.0 0.88
ORAG-03A 2 21.7 101.8213.2 0.760-5°
3 17.1 101.9168.0 0.60
0 17.0 102.5166.1 1.00
1 16.9 96.9174.0 1.05
ORAG-04B 2 12.3 97.0126.7 0.760-5°A
3 12.2 101.6119.7 0.72
Average ECS Modulus Ratio after 3 cycles = 0.66
2.0
1.8
1.6
0 1.4
1.2
0.8
cn
[4 0.6
ORAG-03 -v- ORAG-04
0.4
0.2
60°C 60°C 60°C -18°C
0.0
0 1 2 3 4
Cycle
ECS Modulus Ratio Results
FIGURE B-2: 1993 ECS Data (continued)170
Mix 93X-1: Durkee Interchange (RUMAC)
Contract No. 11170
Additives: ODOT data sheet blank
Asphalt Content: ODOT data sheet blank
Specimen
ID
ECS
System
Cond.
Cycle
ECS
Stress
(psi)
ECS
Strain
(ksi)
ECS
MR
(ksi)
ECS
MR
Ratio
Visual
Stripping
(%)
00 6.5 96.267.3 1.00
1 7.9 98.480.5 1.20
ORAH-01A 2 10.2 99.9101.8 1.510-5%
3 9.7 97.1100.1 1.49
0T 4.1 94.742.9 1.00
1 7.9 96.681.8 1.91
ORAH-03B 2 10.2 96.5105.9 2.470-5%
3 10.0 101.998.2 2.29
0 Stress 's too low for accurate test results.
Note:Sample appeared to contain too large of aggerate size for
the required 4 inch test sample size.
Average ECS Modulus Ratio after 3 cycles = 1.89
2.0
1.8
1.6
0 1.4
1.2
o
Lo
0
0.8
0.6
ORAH-01 ORAH-03
0.4
0.2
60°C 60°C 60°C -18°C
0.0
0 1 2 3
cle
ECS Modulus Ratio Results
4
FIGURE B-2: 1993 ECS Data (continued)171
Mix 94A-1: Santiam River Br. (North)
Contract No. 11334
Additives: None
halt: PBA-6 Asohalt Content = 5.5%
Specimen
ID
ECS
System
Air
Voids
(%)
Cond.
Cycle
ECS
Stress
(psi)
ECS
Strain
(micro)
ECS
MR
(ksi)
ECS
MR
Ratio
Visual
Stripping
(%)
0 11.9 97.1123.0 1.00
1 10.0100.199.8 0.81
ORAN-01A 14.1 2 9.9101.597.6 0.790-5%
3 10.8104.2103.3 0.84
4 10.7101.0106.0 0.86
0 7.2 99.172.3 1.00
1 6.0 96.961.8 0.86
ORAN-04 B 14.6 2 6.4101.363.0 0.875-10%
3 6.5102.063.7 0.88
4 6.2104.060.0 0.83
2.0
1.8
1.6
1 2
`6'
1.0
0.8
w 0.6
0.4
0.2
0.0
0
Average ECS Modulus Ratio after 3 cycles = 0.86
Average ECS Modulus Ratio after 4 cycles = 0.85
ORAN-01 ORAN-04
60°C 60°C 60°C -18°C
1 2 3
Cycle
ECS Modulus Ratio Results
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FIGURE B-3: 1994 ECS Data172
Mix 94A-2: Santiam R. Br. (North)
Contract No. 11334
Additives: Lime
halt. PBA-6 Asphalt Content = 5.5%
Specimen
ID
ECS
System
.
Air
Voids
(%)
Cond.
Cycle
ECS
Stress
(psi)
ECS
Strain
(micro)
ECS
MR
(ksi)
ECS
MR
Ratio
Visual
Stripping
(%)
00 10.6103.4102.9 1.00
10 7.1101.370.0 0.68
ORAI-01A 14.9 20 7.5101.674.3 0.7220 -30%
30 7.296.074.8 0.73
40 7.6101.774.5 0.72
00 7.5100.275.2 1.00
10 5.6107.152.0 0.69
ORAI-02B 14.3 20 5.9107.455.1 0.7320 -30%
3 CD 5.7 95.959.3 0.79
40 5.9107.854.6 0.73
T System tends to give variable results below 10 psi stress.
Possible solution is to retest at a constant stress level.
2.0
1.8
W 0.6
0.4
0.2
0.0
Average ECS Modulus Ratio after 3 cycles = 0.76
Average ECS Modulus Ratio after 4 cycles = 0.73
-a
--m- ORAI-01 ORAI-02
60°C 60°C 60°C -18°C
0 1 2 3
Cycle
ECS Modulus Ratio Results
FIGURE B-3: 1994ECS Data (continued)173
Mix 94B-1: Klamath Falls - Malin Hwy.
Contract No. 11351
Additives: Lime
As halt Content: 6.3%
Specimen
ID
ECS
System
Air
Voids
(%)
Cond.
Cycle
ECS
Stress
(psi)
ECS
Strain
(micro)
ECS
MR
(ksi)
ECS
MR
Ratio
Visual
Stripping
(%)
0 15.3101.2151.4 1.00
1 13.9103.7133.8 0.88
ORAJ-01A 10.9 2 12.9101.5127.3 0.840-5%
3 12.8 98.6129.3 0.85
4 14.2105.4135.0 0.89
00 7.9 95.283.0 1.00
10 8.4 98.984.7 1.02
ORAJ-02 B 10.9 20 8.7102.485.0 1.020-5%
30 8.3 96.485.9 1.03
40 8.2 97.284.7 1.02
System tends to give variable results below 10 psi stress.
Possible solution is to retest at a constant stress level.
2.0
1.8
1.2
0.8
LLI 0.6
0.4
0.2
0.0
Average ECS Modulus Ratio after 3 cycles = 0.94
Average ECS Modulus Ratio after 4 cycles = 0.96
V V
60°C
ORAJ-01 ORAJ-02
60°C 60°C -18°C
0 1 2 3
Cycle
ECS Modulus Ratio Results
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FIGURE B-3: 1994 ECS Data (continued)174
Mix 94C-1: Seven Oaks - Jackson St.
Contract No. 11383
Additives: Lime 1%
.snhalt: PBA-6 Asphalt Content = 5.0%
Specimen
ID
ECS
System
Air
Voids
(%)
Cond.
Cycle
ECS
Stress
(psi)
ECS
Strain
(micro)
ECS
MR
(ksi)
ECS
MR
Ratio
Visual
Stripping
(%)
o 11.7 94.9123.5 1.00
I 12.0 95.3125.5 1.02
ORAK-03A 2 12.8 97.9130.9 1.060-5%
3 12.8 96.9132.0 1.07
4 13.8101.7135.8 1.10
0 10.8103.5104.1 1.00
I 10.5104.4101.2 0.97
ORAK-04B 2 10.3104.198.8 0.950-5%
3 10.2102.0100.4 0.96
4 10.3 95.3107.7 1.03
2.0
1.8
1.6
S 1.4
LoN-
0.8
cip
u..1 0.6
0.4
0.2
0.0
0
Average ECS Modulus Ratio after 3 cycles = 1.02
Average ECS Modulus Ratio after 4 cycles = 1.07
--as- ORAK-03 ORAK-04
60°C 60°C 60°C -18°C
1 2 3 4
Cycle
ECS Modulus Ratio Results
FIGURE B-3: 1994 ECS Data (continued)175
Mix 94D-1: Rowena - U.S. 97 Inter
Contract No. 11393
Additives: Lime 1%
halt: PBA-6 Asphalt Content = 5.5%
Specimen
ID
ECS
System
Air
Voids
(%)
Cond.
Cycle
ECS
Stress
(psi)
ECS
Strain
(micro)
ECS
MR
(ksi)
ECS
MR
Ratio
Visual
Stripping
(%)
0 10.9 96.2113.5 1.00
1 9.7100.197.1 0.86
ORAL -0I A 2 10.7101.5105.0 0.930-5%
3 10.3103.099.8 0.88
4 10.5 99.4105.7 0.93
o 7.3100.673.0 1.00
1 6.7102.965.4 0.90
ORAL-04 B 2 7.3 95.776.3 1.040-5%
3 6.9104.066.7 0.91
4 7.0101.668.6 0.94
Average ECS Modulus Ratio after 3 cycles = 0.90
Average ECS Modulus Ratio after 4 cycles = 0.93
.8 1.0
0
0.8
V)
4.) 0.6
0.4 ORAL-01 ORAL-04 -v-
0.2
60°C 60°C 60°C -18°C
0.0
0 1 2 3
Cycle
ECS Modulus Ratio Results
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FIGURE B-3: 1994 ECS Data (continued)176
Mix 94D-2: Rowena - U.S. 97 Inter
Contract No. 11393
Additives: Lime 1%
halt: PBA-6 Asphalt Content = 5.5%
Specimen
ID
ECS
System
Air
Voids
( %)
Cond.
Cycle
ECS
Stress
(psi)
ECS
Strain
(micro)
ECS
MR
(ksi)
ECS
MR
Ratio
Visual
Stripping
(%)
0 13.5 99.7135.6 1.00
1 12.1101.3119.80.88
ORAP-03A 12.5 2 11.8103.0114.1 0.840-5%
3 11.4 98.1115.8 0.85
4 11.5100.5114.3 0.84
o 21.6 98.8218.8 1.00
1 16.4102.7159.6 0.73
ORAP-04B 12.5 2 14.897.4151.9 0.690-5%
3 14.9 99.3150.4 0.69
4 16.2 97.6165.8 0.76
2.0
1.8
1.6
S 1.4
4t'1.2
`)
1.0
0
0.8
W 0.6
0.4
0.2
0.0
0
Average ECS Modulus Ratio after 3 cycles = 0.77
Average ECS Modulus Ratio after 4 cycles = 0.80
F___ ORAP-03 -- ORAP-04
60°C 60°C 60°C -18°C
1 2 3
Cycle
ECS Modulus Ratio Results
FIGURE B-3: 1994 ECS Data (continued)177
Mix 94E-1: Elkhead - Rice Hill
Contract No. 11343
Additives: Lime 1%
Asphalt: PBA-6 Asphalt Content = 5.5%
Specimen
ID
ECS
System
Air
Voids
(%)
Cond.
Cycle
ECS
Stress
(psi)
ECS
Strain
(micro)
ECS
MR
(ksi)
ECS
MR
Ratio
Visual
Stripping
(%)
0 13.4103.8129.1 1.00
1 11.9105.3113.0 0.88
ORAM-01A 14.1 2 11.7 99.4118.0 0.910-5%
3 11.7 95.7122.6 0.95
4 12.7100.4126.4 0.98
0 8.4 99.984.3 1.00
1 9.6100.095.9 1.14
ORAM-02B 14.6 2 9.6 98.198.4 1.170-5%
3 9.6102.194.3 1.12
4 10.0103.197.1 1.15
2.0
1.8
1.2
1.0
0.8
C.)0.6
0.4
0.2
0.0
Average ECS Modulus Ratio after 3 cycles = 1.03
Average ECS Modulus Ratio after 4 cycles = 1.07
-.- ORAM-01 --e- ORAM-02
60°C 60°C 60°C -18 °C
0 1 2 3 4
Cycle
ECS Modulus Ratio Results
FIGURE B-3: 1994 ECS Data (continued)178
Mix 94F-1: Cedar Hills Blvd. - Inter.
Contract No. 11394
Additives: None
svhalt: PBA-5 Asphalt Content = 5.5%
Specimen
ID
ECS
System
Air
Voids
(%)
Cond.
Cycle
ECS
Stress
(psi)
ECS
Strain
(micro)
ECS
MR
(ksi)
ECS
MR
Ratio
Visual
Stripping
(%)
0 30.7 98.6311.8 1.00
1 21.0104.7200.5 0.64
ORAO -01A 13.8 2 19.0102.5185.4 0.59
1 19.2 99.6192.7 0.62
4 22.6102.3220.9 0.71
U 21.6 98.8218.8 1.00
1 16.4102.7159.6 0.73
ORAO -03 B 13.9 2 14.8 97.4151.9 0.69
3 14.9 99.3150.4 0.69
4 16.297.6165.8 0.76
2.0
1.8
1.6
.8 1.4
1.2
(6)
.8 1.0
0.8
W0.6
0.4
0.2
0.0
0
Average ECS Modulus Ratio after 3 cycles = 0.65
Average ECS Modulus Ratio after 4 cycles = 0.73
60°C
ORAO -01 ORAO -03
60°C
.M_
60°C -18°C
1 2 3 4
Cycle
ECS Modulus Ratio Results
FIGURE B-3: 1994 ECS Data (continued)179
Mix 94F-2: Cedar Hills Blvd - Inter
Contract No. 11394
Additives: Lime 1%
sohalt: PBA-5 Asphalt Content =5.5%
Specimen
ID
ECS
System
Air
Voids
(%)
Cond.
Cycle
ECS
Stress
(psi)
ECS
Strain
(micro)
ECS
MR
(ksi)
ECS
MR
Ratio
Visual
Stripping
(%)
0 32.8 97.1337.7 1.00
1 32.9103.3319.0 0.94
ORAQ-02A 13.1 2 30.4105.8287.5 0.850-5%
3 30.0 99.1303.0 0.90
4 30.5100.5303.4 0.90
0 18.7104.9178.6 1.00
1 21.3 99.4214.8 1.20
ORAQ-04B 13.2 2 21.6101.5212.8 1.190-5%
3 21.4 98.4217.9 1.22
4 22.0 95.7230.0 1.29
2.0
1.8
1.6
1.4
r'c's1.2
ca
1.0
0
0.8
W 0.6
0.4
0.2
0.0
0
Average ECS Modulus Ratio after 3 cycles = 1.06
Average ECS Modulus Ratio after 4 cycles = 1.09
-s- ORAQ-02 7 ORAQ-04
60°C 60°C 60°C -18°C
1 2 3 4
Cycle
ECS Modulus Ratio Results
FIGURE B-3: 1994 ECS Data (continued)180
Mix 94F-3: Cedar Hills Blvd - Inter
Contract No. 11394
Additives: Unichem 0.25%
Asphalt: PBA-5 Asphalt Content = 5.1%
Specimen
ID
ECS
System
Air
Voids
(%)
Cond.
Cycle
ECS
Stress
(psi)
ECS
Strain
(micro)
ECS
MR
(ksi)
ECS
MR
Ratio
Visual
Stripping
(%)
0 32.2104.5307.8 1.00
1 22.4103.3217.0 0.70
ORAZ-03 A 14.3 2 22.0104.7209.9 0.680-5%
3 22.6102.7220.1 0.72
4 20.5 99.0207.8 0.67
o 17.2 98.0175.1 1.00
1 13.6101.4134.1 0.77
ORAZ-04 B 14.0 2 13.0 96.9133.9 0.770-5%
3 15.0 99.5151.1 0.86
4 12.1100.6119.9 0.68
2.0
1.8
1.6
.3 1.4
1 2
79 1.0
0.8
w 0.6
0.4
0.2
0.0
0
Average ECS Modulus Ratio after 3 cycles = 0.79
Average ECS Modulus Ratio after 4 cycles = 0.68
ORAZ-03 Q ORAZ-04
60°C 60°C 60°C -18°C
1 2 3
Cycle
ECS Modulus Ratio Results
FIGURE B-3: 1994 ECS Data (continued)181
Mix 94C-1: Halsey Inter - Lane County
Contract No. 11294
Additives: Lime 1%
Asphalt: PBA-6 Asphalt Content =6.0%
Specimen
ID
ECS
System
Air
Voids
( %)
Cond.
Cycle
ECS
Stress
(psi)
ECS
Strain
(micro)
ECS
MR
(ksi)
ECS
MR
Ratio
Visual
Stripping
(%)
0 10.6103.8102.1 1.00
1 7.6 99.476.7 0.75
ORAR-02A 11.1 2 7.6100.576.0 0.745-10%
3 7.6 98.077.6 0.76
4 7.6103.673.1 0.72
0 7.7101.076.7 1.00
1 5.9103.856.4 0.73
ORAR-04 B 11.2 2 5.997.461.1 0.800-5%
3 6.0 96.162.3 0.81
4 6.1102.459.2 0.77
2.0
1 8
1.6
1.4
1.2
1.0
0
0.8
c.)
w 0.6
0.4
0.2
0.0
0
Average ECS Modulus Ratio after 3 cycles = 0.79
Average ECS Modulus Ratio after 4 cycles = 0.74
-m- ORAR-02 ORAR-04
60°C 60°C 60°C -18°C
1 2 3 4
cle
ECS Modulus Ratio Results
FIGURE B-3: 1994 ECS Data (continued)182
Mix 94H-1: Azalea - Jumpoff Joe
Contract No. 11344
Additives: Lime 1%
halt: PBA-6 Asphalt Content = 5.5%
Specimen
ID
ECS
System
Air
Voids
( %)
Cond.
Cycle
ECS
Stress
(psi)
ECS
Strain
(micro)
ECS
MR
(ksi)
ECS
MR
Ratio
Visual
Stripping
(%)
0 12.2100.1122.1 1.00
1 14.2106.6133.5 1.09
ORAS-02A 12 2 13.5103.1130.5 1.070-5%
3 10.1 99.1102.4 0.84
4 11.5104.4110.2 0.90
0 16.0 99.2161.5 1.00
1 12.4 95.5129.5 0.80
ORAS-04 B 11.9 2 12.4101.6122.2 0.760-5%
3 12.4 99.4124.6 0.77
4 13.3 96.5138.1 0.85
2.0
1.8
C
0.8
w 0.6
Average ECS Modulus Ratio after 3 cycles = 0.80
Average ECS Modulus Ratio after 4 cycles = 0.88
0.4
0.2
0.0
0
-s- ORAS-02 ORAS-04
60°C 60°C 60°C -18°C
1 2 3
Cycle
ECS Modulus Ratio Results
4
FIGURE B-3: 1994ECS Data (continued)183
Mix 9411-2: Mt. Hood - Long Prairie Rd.
Contract No. 11400
Additives: Lime 1.0%
Asphalt: PBA-6 Asphalt Content = 6.0%
Specimen
113
ECS
System
Air
Voids
(%)
Cond.
Cycle
ECS
Stress
(psi)
ECS
Strain
(micro)
ECS
MR
(ksi)
ECS
MR
Ratio
Visual
Stripping
(%)
0 14.8101.7145.5 1.00
1 13.7102.5133.4 0.92
ORBW-03A 2 13.8100.1138.0 0.950-5%
3 16.6 98.1169.7 1.17
4 14.7 95.8153.3 1.05
0 6.9 96.371.7 1.00
1 8.9 99.689.4 1.25
ORBW-04 B 2 9.1101.189.8 1.250-5%
3 8.3 97.985.2 1.19
4 8.9 96.491.9 1.28
2.0
1.8
1.6
1.4
a 2
1.0
0.8
En
440.6
0.4
0.2
0.0
0
Average ECS Modulus Ratio after 3 cycles = 1.18
Average ECS Modulus Ratio after 4 cycles = 1.17
60°C
ORBW-03 Q ORBW-04
60°C 60°C -18°C
1 2 3
Cycle
ECS Modulus Ratio Results
4
FIGURE B-3: 1994 ECS Data (continued)184
Mix 94H-3: Azalea Jumpoff Joe
Contract No. 11344
Additives: Lime 1.0%
halt: PBA-6 Asphalt Content = 6.0%
Specimen
ID
ECS
System
Air
Voids
( %)
Cond.
Cycle
ECS
Stress
(psi)
ECS
Strain
(micro)
ECS
MR
(ksi)
ECS
MR
Ratio
Visual
Stripping
(%)
0 9.2100.192.4 1.00
1 9.2101.390.9 0.98
ORBV-02A 13.9 2 9.1100.390.5 0.980-5%
3 9.1 99.092.3 1.00
4 9.1100.989.8 0.97
0 10.0 99.8100.0 1.00
I 10.0102.197.9 0.98
ORBV-03B 13.8 2 10.0103.896.3 0.960-5%
3 10.0103.796.9 0.97
4 9.2103.789.2 0.89
2.0
1.8
1.6
1.4
1.2
ca
A 1.0
0.8
w 0.6
0.4
0.2
0.0
0
Average ECS Modulus Ratio after 3 cycles = 0.98
Average ECS Modulus Ratio after 4 cycles = 0.93
60°C
ORBV-02 -v- ORBV-03
60°C 60°C -18°C
1 2 3 4
Cycle
ECS Modulus Ratio Results
FIGURE B-3: 1994 ECS Data (continued)185
Mix 9411-4: Azalea - Jumpoff Joe
Contract No. 11344
Additives: Lime 1%
Asphalt: PBA-6GR Asphalt Content = 8.5%
Specimen
ID
ECS
System
Air
Voids
(%)
Cond.
Cycle
ECS
Stress
(psi)
ECS
Strain
(micro)
ECS
MR
(ksi)
ECS
MR
Ratio
Visual
Stripping
(%)
0 16.3101.2160.8 1.00
1 17.1 97.1176.4 1.10
ORBM-03A 2.7 2 17.6 96.8181.9 1.130-5%
3 17.7 95.7184.6 1.15
4 18.5 95.5194.2 1.21
0 14.0 98.8141.7 1.00
1 15.0102.0146.8 1.04
ORBM-04B 2.9 2 12.7 97.3131.0 0.920-5%
3 14.3 99.3144.4 1.02
4 14.8 96.4153.7 1.09
2.0
1.8
1.6
B 1.4
1.2
,9 1.0
0.8
c/)
W 0.6
0.4
0.2
0.0
0
Average ECS Modulus Ratio after 3 cycles = 1.08
Average ECS Modulus Ratio after 4 cycles = 1.15
60°C
ORBM-03 0 ORBM-04
60°C 60°C -18°C
1 2
Cycle
3
ECS Modulus Ratio Results
4
FIGURE B-3: 1994 ECS Data (continued)186
Mix 9411-5: Azalea - Jumpoff Joe
Contract No. 11344
Additives: Lime 1%
halt: PBA-6GR Asphalt Content = 5.6%
Specimen
ID
ECS
System
Air
Voids
(%)
Cond.
Cycle
ECS
Stress
(psi)
ECS
Strain
(micro)
ECS
MR
(ksi)
ECS
MR
Ratio
Visual
Stripping
(%)
0 18.6101.9182.6 1.00
1 16.1101.1159.6 0.87
ORBR-01 A 12.5 2 14.9 96.9153.5 0.840-5%
3 16.6 98.3168.7 0.92
4 16.5103.9158.6 0.87
0 16.2 98.8164.4 1.00
1 14.9103.3144.4 0.88
ORBR-02 B 12.5 2 14.0105.6132.9 0.810-5%
3 12.2104.9116.2 0.71
4 13.1101.6129.3 0.79
2.0
1.8
1.6
°1.4
1.2
Lo
0.8
C)
LT4 0.6
0.4
0.2
0.0
0
Average ECS Modulus Ratio after 3 cycles = 0.82
Average ECS Modulus Ratio after 4 cycles = 0.83
ORBR-01 V ORBR-02
60°C 60°C 60°C -18°C
1 2 3
Cycle
ECS Modulus Ratio Results
4
FIGURE B-3: 1994 ECS Data (continued)187
Mix 941-1: Rosewood Dr. - Willamette
Contract No. 11411
Additives: None
halt: PBA-5 Asohalt Content = 5.0%
Specimen
ID
ECS
System
Air
Voids
(%)
Cond.
Cycle
ECS
Stress
(psi)
ECS
Strain
(micro)
ECS
MR
(ksi)
ECS
MR
Ratio
Visual
Stripping
(%)
0 27.6 97.1284.0 1.00
1 18.7103.5181.0 0.64
ORAT-01 A 15.1 2 17.9 98.7181.4 0.6430-40%
3 14.3101.5141.3 0.50
4 18.3105.4173.5 0.61
0 23.1101.7227.6 1.00
1 15.899.9158.0 0.69
ORAT-04 B 15.1 2 15.2100.9150.3 0.6620-30%
3 11.8 99.1119.0 0.52
4 15.2104.3145.7 0.64
2.0
1.8
1.6
r221 2
1 0
rIJ0.8
1.14 0.6
0.4
0.2
0.0
0
Average ECS Modulus Ratio after 3 cycles = 0.51
Average ECS Modulus Ratio after 4 cycles = 0.63
An- ORAT-01 v ORAT-04
60°C 60°C 60°C -18°C
1 2 3 4
Cycle
ECS Modulus Ratio Results
FIGURE B-3: 1994 ECS Data (continued)188
Mix 941-2: Rosewood Dr. - Willamette
Contract No. 11411
Additives: None
Asphalt: PBA-5 Asphalt Content = 5.8%
Specimen
ID
ECS
System
Air
Voids
(%)
Cond.
Cycle
ECS
Stress
(psi)
ECS
Strain
(micro)
ECS
MR
(ksi)
ECS
MR
Ratio
Visual
Stripping
(%)
0 33.6 96.6347.4 1.00
1 25.9105.2246.4 0.71
ORB0-01A 15.4 2 22.6100.3225.4 0.650-5%
3 22.9103.4221.2 0.64
4 20.9100.6208.2 0.60
0 26.5 98.1269.8 1.00
1 21.2103.9204.0 0.76
ORBO -02B 15.2 2 20.9102.7203.5 0.750-5%
3 17.9 99.4181.0 0.67
4 17.7 98.5179.3 0.66
2.0
1.8
1.6
.(3 1.4
r'21.2.
1.0
0.8
up
u.1 0.6
0.4
0.2
0.0
0
Average ECS Modulus Ratio after 3 cycles = 0.65
Average ECS Modulus Ratio after 4 cycles = 0.63
1 2
Cycle
ECS Modulus Ratio Results
3 4
FIGURE B-3: 1994 ECS Data (continued)189
Mix 941-3: Rosewood Dr. - Willamette
Contract No. 11411
Additives: Unichem 0.5%
Asphalt: PBA-5 Asphalt Content = 5.8%
Specimen
ID
ECS
System
Air
Voids
( %)
Cond.
Cycle
ECS
Stress
(psi)
ECS
Strain
(micro)
ECS
MR
(ksi)
ECS
MR
Ratio
Visual
Stripping
( %) _
0 30.0104.8286.1 1.00
1 26.3102.5256.8 0.90
ORBP-01A 13.9 2 26.2103.3253.6 0.890-5%
3 26.7103.1259.1 0.91
4 25.6103.3247.3 0.86
0 24.1103.9232.1 1.00
1 18.9102.7184.3 0.79
ORBP-02 B 14.3 2 18.0101.7177.2 0.760-5%
3 18.2100.6181.5 0.78
4 17.4102.1170.5 0.73
2.0
1.8
1.6
°1.4
r=41.2
1 0 -a,
0.8
4.4 0.6
0.4
0.2
0.0
0
Average ECS Modulus Ratio after 3 cycles = 0.84
Average ECS Modulus Ratio after 4 cycles = 0.80
-m- ORBP-01 o ORBP-02
60°C 60°C 60°C -18°C
1 2 3 4
Cycle
ECS Modulus Ratio Results
FIGURE B-3: 1994 ECS Data (continued)190
Mix 941-4: Rosewood Dr.Willamette
Contract No. 11411
Additives: Unichem 1.0%
Asphalt: PBA-5 Asphalt Content = 5.8%
Specimen
ID
ECS
System
Air
Voids
(%)
Cond.
Cycle
ECS
Stress
(psi)
ECS
Strain
(micro)
ECS
MR
(ksi)
ECS
MR
Ratio
Visual
Stripping
(%)
0 24.1 99.3242.8 1.00
1 24.1100.7239.1 0.98
ORBS-01A 13.9 2 23.7 99.6237.7 0.980-5%
3 23.9101.3235.7 0.97
4 22.9101.2226.1 0.93
0 21.0100.3209.4 1.00
1 16.7 97.4171.6 0.82
ORBS-02 B 14.1 2 17.6100.9174.7 0.830-5%
3 18.3102.1178.9 0.85
4 18.2105.1173.5 0.83
2.0
1.8
r.)
;1.1 0.6
0.4
0.2
Average ECS Modulus Ratio after 3 cycles = 0.91
Average ECS Modulus Ratio after 4 cycles = 0.88
-N- ORBS-01 ORBS-02
0.0
0
60°C 60°C 60°C -18°C
V
1 2 3 4
Cycle
ECS Modulus Ratio Results
FIGURE B-3: 1994 ECS Data (continued)191
Mix 94J-1: Murphy Rd. - Lava Butte
Contract No. 11402
Additives: Lime 1%
Asphalt: PBA-6 Asphalt Content =5.5%
Specimen
ID
ECS
System
Air
Voids
(%)
Cond.
Cycle
ECS
Stress
(psi)
ECS
Strain
(micro)
ECS
MR
(ksi)
ECS
MR
Ratio
Visual
Stripping
(%)
0 8.3 95.886.5 1.00
1 9.2 98.793.4 1.08
ORAU-02A 12.8 2 10.8 98.8109.2 1.260-5%
3 10.1 96.3104.7 1.21
4 12.8 97.0131.8 1.52
0 6.5103.062.7 1.00
1 6.7103.565.0 1.04
ORAU-03B 12.7 2 6.8104.564.9 1.040-5%
3 6.2 98.363.4 1.01
4 9.2103.988.2 1.41
2.0
1.8
1.6
.S) 1.4
1.2
-8 1.0
0.8
u.1 0.6
0.4
0.2
0.0
0
Average ECS Modulus Ratio after 3 cycles = 1.11
Average ECS Modulus Ratio after 4 cycles = 1.46
-m- ORAU-02 -w- ORAU-03
60°C 60°C 60°C -18°C
1 2 3 4
Cycle
ECS Modulus Ratio Results
FIGURE B-3: 1994 ECS Data (continued)192
Mix 94K-1: South Highland Canal - Murphy Creek Rd.
Contract No. 11424
Additives: None
Asphalt: PBA-5 Asphalt Content = 5.0%
Specimen
ID
ECS
System
Air
Voids
(%)
Cond.
Cycle
ECS
Stress
(psi)
ECS
Strain
(micro)
ECS
MR
(ksi)
ECS
MR
Ratio
Visual
Stripping
(%)
0 20.9100.1209.6 1.00
1 26.0 99.6261.2 1.25
ORAV-02A 13.1 2 25.0101.3247.4 1.180-5%
3 26.8102.3261.8 1.25
4 26.3104.2252.8 1.21
0 17.2103.2167.0 1.00
1 19.7 98.9199.2 1.19
ORAV-03B 13.3 2 22.2 97.2228.1 1.370-5%
3 22.7 95.7237.0 1.42
4 22.7101.7223.7 1.34
2.0
1.8
1.6
.81.4
a1.2
4 1.0
0.8
COD
W 0.6
0.4
0.2
0.0
0
Average ECS Modulus Ratio after 3 cycles = 1.33
Average ECS Modulus Ratio after 4 cycles = 1.27
/°-
-N- ORAV-02 ORAV-03
60°C 60°C 60°C -18°C
1 2 3 4
Cycle
ECS Modulus Ratio Results
FIGURE B-3: 1994 ECS Data (continued)193
Mix 94L-1: Brownsboro - Hwy. 140
Contract No. 15 Misc.
Additives: None
Asphalt: PBA-5 Asphalt Content = 5.5%
Specimen
ID
ECS
System
Air
Voids
( %)
Cond.
Cycle
ECS
Stress
(psi)
ECS
Strain
(micro)
ECS
MR
(ksi)
ECS
MR
Ratio
Visual
Stripping
(%)
0 38.9 95.3408.6 1.00
1 35.3 97.8360.5 0.88
ORAW-01A 12.6 2 33.9 98.6344.1 0.840-5%
3 34.4 98.9348.0 0.85
4 32.9105.6311.7 0.76
0 35.4 98.2360.3 1.00
1 32.5 99.3327.1 0.91
ORAW-02B 12.2 2 27.2 98.9275.2 0.760-5%
3 27.0 95.6282.4 0.78
4 26.1105.2248.3 0.69
2.0
1.8
1.6
1.4
1.2
1.0
0.8
41 0.6
0.4
0.2
0.0
0
Average ECS Modulus Ratio after 3 cycles = 0.82
Average ECS Modulus Ratio after 4 cycles = 0.73
-s- ORAW-01 ORAW-02
60°C 60°C 60°C -18°C
1 2 3
Cycle
ECS Modulus Ratio Results
4
FIGURE B-3: 1994 ECS Data (continued)194
Mix 94M-1: Juniper Butte - Crooked Rd.
Contract No. 11423
Additives: None
Asphalt: PBA-6 Asphalt Content = 5.0%
Specimen
ID
ECS
System
Air
Voids
(%)
Cond.
Cycle
ECS
Stress
(psi)
ECS
Strain
(micro)
ECS
MR
(ksi)
ECS
MR
Ratio
Visual
Stripping
(%)
0 10.9103.6105.5 1.00
1 10.5100.1104.6 0.99
ORAX-01A 12.8 2 10.2 99.1103.5 0.980-5%
3 9.1 99.591.4 0.87
4 7.2 96.974.5 0.71
0 12.0 97.4123.0 1.00
1 12.2 98.1123.9 1.01
ORAX-02B 12.3 2 12.8 99.2128.8 1.050-5%
3 9.3100.992.0 0.75
4 9.9102.096.7 0.79
0 9.9 98.5100.6 1.00
1 11.2101.5114.0 1.13
ORAX-03 C 11.5 2 8.6 99.086.0 0.850-5%
3 10.6 99.9105.0 1.04
4
0 6.5100.764.3 1.00
1 7.6101.774.3 1.16
C 13.3 2 7.6100.377.6 1.210-5%
3 9.0100.588.5 1.38
4 8.8 99.7 87.7, 1.36
Average ECS Modulus Ratio after 3 cycles = 1.01
Average ECS Modulus Ratio after 4 cycles = 0.95
-N-ORAX-01 -- ORAX-02 -0- ORAX-03-N-ORAX-04
0.2
0.0
0 2
Cycle
ECS Modulus Ratio Results
3 4
FIGURE B-3: 1994 ECS Data (continued)195
Mix 94N-1: Siuslaw R. - Douglas Co.
Contract No. 11339
Additives: None
halt: PBA-5 Asuhalt Content = 5.0%
Specimen
ID
ECS
System
Air
Voids
(%)
Cond.
Cycle
ECS
Stress
(psi)
ECS
Strain
(micro)
ECS
MR
(ksi)
ECS
MR
Ratio
Visual
Stripping
(%)
0 26.5103.2256.4 1.00
1 19.6102.2191.5 0.75
ORAY-03A 15.4 2 19.4100.4193.1 0.750-5%
3 16.7 97.3172.2 0.67
4 20.7100.6206.0 0.80
(1 19.0100.5189.3 1.00
1 14.1100.6140.3 0.74
ORAY-04 B 15.5 2 16.5 98.0168.4 0.890-5%
3 12.8 98.0130.5 0.69
4 17.0103.5164.6 0.87
2.0
1.6
.8 1.4
1.2
6)
0
0.8
w 0.6
0.4
0.2
0.0
0
Average ECS Modulus Ratio after 3 cycles = 0.68
Average ECS Modulus Ratio after 4 cycles = 0.84
ORAY-03 -7- ORAY-04
60°C 60°C 60°C -18°C
1 2
Cycle
ECS Modulus Ratio Results
3 4
FIGURE B-3: 1994 ECS Data (continued)196
Mix 940-1: Nickolson Rd. Knapp Rd.
Contract No. 11439
Additives: None
Asphalt: PBA-5 Asphalt Content = 5.0%
Specimen
ID
ECS
System
Air
Voids
(%)
Cond.
Cycle
ECS
Stress
(psi)
ECS
Strain
(micro)
ECS
MR
(ksi)
ECS
MR
Ratio
Visual
Stripping
(%)
0 29.8102.2291.2 1.00
1 28.5100.7283.5 0.97
ORBA-01A 2 28.3 97.3291.2 1.00
3 24.6 97.9251.6 0.86
4 27.1100.5269.4 0.92
0 21.9100.3218.0 1.00
1 18.6 98.6188.5 0.86
ORBA-02B 2 18.9 99.2190.9 0.88
3 16.5 98.5167.8 0.77
4 18.3101.6180.5 0.83
2.0
1.8
1.6
.1) 1.4
1.2
,9 1.0
0.8
Lu 0.6
0.4
0.2
0.0
0
Average ECS Modulus Ratio after 3 cycles = 0.82
Average ECS Modulus Ratio after 4 cycles = 0.88
-N- ORBA-01 ORBA-02
60°C 60°C 60°C -18°C
1 2 3 4
Cycle
ECS Modulus Ratio Results
FIGURE B-3: 1994 ECS Data (continued)197
Mix 94P-1: Trail Casey
Contract No. 11237
Additives: None
Asphalt: PBA-5 Asphalt Content = 5.0%
Specimen
ID
ECS
System
Air
Voids
(%)
Cond.
Cycle
ECS
Stress
(psi)
ECS
Strain
(micro)
ECS
MR
(ksi)
ECS
MR
Ratio
Visual
Stripping
(%)
0 28.6 96.6296.1 1.00
1 23.7101.8232.8 0.79
ORBB-02A 14.2 2 28.4100.9282.0 0.950-5%
3 26.5102.1259.4 0.88
4 27.6 99.4277.7 0.94
0 20.2100.0201.5 1.00
1 13.6 96.6141.2 0.70
ORBB-03B 14.3 2 17.0 98.3173.4 0.860-5%
3 16.5101.5162.7 0.81
4 20.5102.6200.2 0.99
2.0
1.8
1.6
°1.4
1.2
Lo
0
0.8
LL1 0.6
0.4
0.2
0.0
0
Average ECS Modulus Ratio after 3 cycles = 0.84
Average ECS Modulus Ratio after 4 cycles = 0.97
1 2
Cycle
ECS Modulus Ratio Results
3 4
FIGURE B-3: 1994 ECS Data (continued)198
Mix 94Q-1: Pamela Rd. - Twin Medows
Contract No. 11405
Additives: Lime 1%
Eispnan: rriik-o aspnan L-ontent = 3.37o
SpecimenECSAirCond. ECS ECSECSECSVisual
ID SystemVoidsCycle StressStrainMR MRStripping
(%) (psi)(micro)(ksi)Ratio (%)
0 13.2103.4127.2 1.00
1 10.3103.399.3 0.78
ORBC-01A 13.3 2 10.5100.7103.8 0.820-5%
3 10.4 98.1105.6 0.83
4 10.5 97.1108.6 0.85
0 7.1 95.874.3 1.00
1 7.0101.169.8 0.94
ORBC-04 B 13.1 2 7.3101.072.5 0.980-5%
3 6.7101.566.2 0.89
4 6.9101.268.6 0.92
2.0
1.8
w 0.6
0.4
0.2
0.0
Average ECS Modulus Ratio after 3 cycles = 0.86
Average ECS Modulus Ratio after 4 cycles = 0.89
ORBC-01 -e--- ORBC-04
60°C 60°C 60°C -18°C
0 1 2 3 4
Cycle
ECS Modulus Ratio Results
FIGURE B-3: 1994 ECS Data (continued)199
Mix 94R-1: Remote Campground
Contract No. 11291
Additives: None
Asphalt: PBA-5 Asphalt Content = 5.7%
Specimen
ID
ECS
System
Air
Voids
(%)
Cond.
Cycle
ECS
Stress
(psi)
ECS
Strain
(micro)
ECS
MR
(ksi)
ECS
MR
Ratio
Visual
Stripping
(%)
ORBD-01A 11.9
0
I
2
3
4
27.5
26.0
26.3
25.8
27.5
103.5
104.9
100.8
97.6
.101.2
266.2
247.5
260.8
264.0
272.0
1.00
0.93
0.98
0.99
1.02
0-5%
ORBD-02 B 11.8
0
1
2
3
4
19.5
14.5
14.6
14.1
15.3
103.7
101.6
99.4
101.8
102.2
188.2
142.4
146.5
138.9
150.3
1.00
0.73
0.72
0.69
0.69
0-5%
2.0
1.8
1.6
.1) 1.4
1.2
4 Lo
0.8
w 0.6
0.4
0.2
Average ECS Modulus Ratio after 3 cycles = 0.84
Average ECS Modulus Ratio after 4 cycles = 0.86
--- ORBD-01 -v- ORBD-02
0.0
0
60°C 60°C 60 °C -18°C
1 2 3 4
Cycle
ECS Modulus Ratio Results
FIGURE B-3: 1994 ECS Data (continued)200
Mix 94S-1: Tower Rd.Inetrchange
Contract No. 11438
Additives: Lime 1%
Asphalt: PBA-6 Asphalt Content = 5.5%
Specimen
ID
ECS
System
Air
Voids
(%)
Cond.
Cycle
ECS
Stress
(psi)
ECS
Strain
(micro)
ECS
MR
(ksi)
ECS
MR
Ratio
Visual
Stripping
(%)
0 12.7 97.6130.4 1.00
1 11.9104.0114.6 0.88
ORBE-02 A 11.9 2 11.5101.4113.7 0.870-5%
3 11.6100.6115.4 0.89
4 11.6100.4115.8 0.89
0 9.4102.092.1 1.00
1 9.0101.089.4 0.73
ORBE-04 B 11.9 2 6.9 95.372.2 0.720-5%
3 8.3 99.683.3 0.69
4 8.4100.783.7 0.69
2.0
1.8
1.6
.B 1.4
1:41.2
,9 1.0
0.8
Lu 0.6
0.4
0.2
0.0
0
Average ECS Modulus Ratio after 3 cycles = 0.79
Average ECS Modulus Ratio after 4 cycles = 0.79
ORBE-02 ORBE-04
60°C 60°C 60°C -18°C
1 2 3 4
Cycle
ECS Modulus Ratio Results
FIGURE B-3: 1994 ECS Data (continued)201
Mix 94T-1: Battle Creek - N. Jefferson
Contract No. 11365
Additives: Lime 1%
Asphalt: PBA-6 Asphalt Content = 5.0%
Specimen
ID
ECS
System
Air
Voids
(%)
Cond.
Cycle
ECS
Stress
(psi)
ECS
Strain
(micro)
ECS
MR
(ksi)
ECS
MR
Ratio
Visual
Stripping
(%)
0 10.6 99.8106.5 1.00
1 9.8 97.0101.2 0.95
ORBF-03A 13.3 2 9.9 97.2101.8 0.965-10%
3 9.7102.094.8 0.89
4 10.2104.797.6 0.92
0 7.6101.075.0 1.00
I 7.4 99.874.3 0.73
ORBF-04B 13.3 2 6.5100.464.3 0.720-5%
3 6.7 99.867.6 0.69
4 7.4101.973.0 0.69
2.0
1.8
1.6
° 1 4 -.0
cc)
X1.2
cs01 -
i)0.8
;.i.4 0.6
0.4
0.2
0.0
0
Average ECS Modulus Ratio after 3 cycles = 0.79
Average ECS Modulus Ratio after 4 cycles = 0.80
-m- ORBF-03 ORBF-04
60°C 60°C 60°C -18°C
1 2 3 4
Cycle
ECS Modulus Ratio Results
FIGURE B-3: 1994 ECS Data (continued)202
Mix 94U-1: Sunset Hwy - Pacific Hwy.
Contract No. 11468
Additives: Lime 1%
Asphalt: PBA-6 Asphalt Content =5.5%
Specimen
ID
ECS
System
Air
Voids
(%)
Cond.
Cycle
ECS
Stress
(psi)
ECS
Strain
(micro)
ECS
MR
(ksi)
ECS
MR
Ratio
Visual
Stripping
(%)
0 8.6 98.587.4 1.00
1 7.7101.875.9 0.87
ORBJ-01 B 13.1 2 8.0 99.580.9 0.930-5%
3 6.9105.766.5 0.76
4 7.2104.968.5 0.78
0 12.1 97.4124.4 1.00
1 12.0101.8117.9 0.95
ORBJ-04 A 13.1 2 11.8 98.9119.6 0.960-5%
3 11.0101.8108.4 0.87
4 10.8100.2108.3 0.87
2.0
1.8
w 0.6
Average ECS Modulus Ratio after 3 cycles = 0.82
Average ECS Modulus Ratio after 4 cycles = 0.83
0.4
0.2
0.0
0
ORBJ-01 ORBJ-04
60°C 60°C 60°C -18°C
1 2 3
Cycle
ECS Modulus Ratio Results
4
FIGURE B-3: 1994 ECS Data (continued)203
Mix 94V-1: Central Oregon Preservation
Contract No. 11427
Additives: Lime 1%
Asphalt: PBA-6 Asphalt Content = 5.6%
Specimen
ID
ECS
System
Air
Voids
(%)
Cond.
Cycle
ECS
Stress
(psi)
ECS
Strain
(micro)
ECS
MR
(ksi)
ECS
MR
Ratio
Visual
Stripping
(%)
0 11.3101.0111.7 1.00
1 8.7 97.589.6 0.80
ORBK-02A 15.1 2 9.3100.692.1 0.830-5%
3 9.3101.891.3 0.82
4 9.0108.882.8 0.74
0 9.8104.294.4 1.00
1 8.1100.480.6 0.85
ORBK-04B 14.9 2 8.2 97.783.8 0.890-5%
3 8.2 97.284.9 0.90
4 8.3 99.483.2 0.88
2.0
1.8
1.6
1.4
1.2
41.0
0.8
w 0.6
0.4
0.2
0.0
0
Average ECS Modulus Ratio after 3 cycles = 0.86
Average ECS Modulus Ratio after 4 cycles = 0.81
-- ORBK-02 -v- ORBK-04
60°C 60°C 60°C -I8°C
1 2 3
Cycle
ECS Modulus Ratio Results
4
FIGURE B-3: 1994 ECS Data (continued)204
Mix 94W-1: Tripp Rd. - Knappa
Contract No. 11410
Additives: None
halt: PBA-5 Asphalt Content = 5.6%
Specimen
ID
ECS
System
Air
Voids
(%)
Cond.
Cycle
ECS
Stress
(psi)
ECS
Strain
(micro)
ECS
MR
(ksi)
ECS
MR
Ratio
Visual
Stripping
(%)
0 26.9104.4257.3 1.00
1 21.5102.1210.9 0.82
ORBL-03A 11.7 2 21.6101.9212.1 0.825-10%
3 20.6104.5197.1 0.77
4 18.6102.0182.1 0.71
0 18.7104.1179.8 1.00
I 13.9102.7135.8 0.76
ORBL-04 B 11.7 2 14.5103.2140.7 0.785-10%
3 14.2103.2137.8 0.77
4 13.5103.9129.5 0.72
2.0
1.8
1.6
1.4
1.2
1.0
0
0.8
W 0.6
0.4
0.2
0.0
0
Average ECS Modulus Ratio after 3 cycles = 0.77
Average ECS Modulus Ratio after 4 cycles = 0.71
ORBL-03 -- ORBL-04
60°C 60°C 60°C -18°C
1 2 3
Cycle
ECS Modulus Ratio Results
4
FIGURE B-3: 1994 ECS Data (continued)205
Mix 94X-1: Barger Roosevelt
Contract No. 11437
Additives: None
Asphalt: PBA-5 Asphalt Content = 5.7%
Specimen
ID
ECS
System
Air
Voids
( %)
Cond.
Cycle
ECS
Stress
(psi)
ECS
Strain
(micro)
ECS
MR
(ksi)
ECS
MR
Ratio
Visual
Stripping
(%)
0 23.0100.4229.6 1.00
1 21.2104.1204.1 0.89
ORBN-02A 14.3 2 17.2100.8170.4 0.740-5%
3 19.7100.3196.2 0.85
4 20.7103.7199.5 0.87
0 19.8 98.0202.0 1.00
1 21.1 96.4219.4 1.09
ORBN-03 B 14.3 2 13.6 95.9141.9 0.700-5%
3 16.1 98.6163.4 0.81
4 16.0 96.7165.1 0.82
2.0
1.8
1.6
°1.4
1.2
1.0
0.8
(/)
W 0.6
0.4
0.2
0.0
0
Average ECS Modulus Ratio after 3 cycles = 0.83
Average ECS Modulus Ratio after 4 cycles = 0.84
--- ORBN-02 -- ORBN-03
60°C 60°C 60°C -18°C
1 2 3 4
Cycle
ECS Modulus Ratio Results
FIGURE B-3: 1994 ECS Data (continued)206
Mix 94Y-1: Emigrant River - Green Sp.
Contract No. 11448
Additives: None
Asphalt: PBA-5 Asphalt Content = 5.9%
Specimen
ID
ECS
System
Air
Voids
(%)
Cond.
Cycle
ECS
Stress
(psi)
ECS
Strain
(micro)
ECS
MR
(ksi)
ECS
MR
Ratio
Visual
Stripping
(%)
0 39.8 99.2401.2 1.00
1 32.7100.1326.9 0.81
ORBQ-01A 13.6 2 29.5103.2285.8 0.710-5%
3 26.0100.2259.2 0.65
4 27.2103.6262.4 0.65
0 23.6 99.7236.3 1.00
1 21.5 99.2216.9 0.92
ORBQ-04B 13.5 2 19.5101.4192.7 0.820-5%
3 17.4100.5172.8 0.73
4 20.9101.9204.8 0.87
2.0
1.8
1.6
1 1.4
1.2
43 1.0
0.8
on
W 0.6
0.4
0.2
0.0
0
Average ECS Modulus Ratio after 3 cycles = 0.69
Average ECS Modulus Ratio after 4 cycles = 0.76
--m- ORBQ-01 ORBQ-04
60°C 60°C 60°C -18°C
1 2 3
Cycle
ECS Modulus Ratio Results
4
FIGURE B-3: 1994 ECS Data (continued)207
Mix 94Z-1: Roseburg E.C.L. - Dixonville
Contract No. 11467
Additives: None
Asphalt: PBA-5 Asphalt Content = 5.8%
Specimen
ID
ECS
System
Air
Voids
(%)
Cond.
Cycle
ECS
Stress
(psi)
ECS
Strain
(micro)
ECS
MR
(ksi)
ECS
MR
Ratio
Visual
Stripping
(%)
0 23.3103.7224.6 1.00
1 20.2 97.9206.5 0.92
ORBT-01 A 13.5 2 23.7 99.3238.4 1.060-5%
3 25.5 98.1259.8 1.16
4 22.6103.7217.7 0.97
0 28.2 99.2284.7 1.00
1 23.7104.7226.7 0.80
ORBT-03 B 13.1 2 22.9102.3224.4 0.790-5%
3 22.9102.7223.0 0.78
4 19.6 99.5197.1 0.69
2.0
1.8
1.6
Average ECS Modulus Ratio after 3 cycles = 0.97
Average ECS Modulus Ratio after 4 cycles = 0.83
.$) 1.4
P4'1.2
0.8
w 0.6
0.4
0.2
0.0
0
-m- ORBT-01 ORBT-03
60°C 60°C 60°C -18°C
1 2 3 4
Cycle
ECS Modulus Ratio Results
FIGURE B-3: 1994 ECS Data (continued)208
Mix 94AA-1: Mt. Hood Long Prairie Rd.
Contract No. 11400
Additives: Lime 1.0%
Asphalt: PBA-6 Asphalt Content = 6.0%
Specimen
ID
ECS
System
Air
Voids
(%)
Cond.
Cycle
ECS
Stress
(psi)
ECS
Strain
(micro)
ECS
MR
(ksi)
ECS
MR
Ratio
Visual
Stripping
(%)
0 13.5 98.0137.8 1.00
1 13.5100.6134.5 0.98
ORBY-03A 2 14.1104.4135.5 0.980-5%
3 13.9102.8134.8 0.98
4 12.9102.7125.6 0.91
0 8.8100.087.8 1.00
1 7.4102.571.8 0.82
ORBY-04B 2 7.0 99.970.1 0.800-5%
3 7.8 98.878.7 0.90
4 6.5 98.865.7 0.75
2.0
1.8
1.6
..$) 1.4
1.2
79 1.0
0.8
w 0.6
0.4
0.2
0.0
0
Average ECS Modulus Ratio after 3 cycles = 0.94
Average ECS Modulus Ratio after 4 cycles = 0.83
-m- ORBY-03 -v- ORBY-04
60°C 60°C 60°C -18°C
1 2 3 4
Cycle
ECS Modulus Ratio Results
FIGURE B-3: 1994 ECS Data (continued)209
Mix 94AA-2: Mt. Hood - Long Prairie Rd.
Contract No. 11400
Additives: Lime 1.0%
Asphalt: PBA-6 Asphalt Content = 6.0%
Specimen
ID
ECS
System
Air
Voids
(%)
Cond.
Cycle
ECS
Stress
(psi)
ECS
Strain
(micro)
ECS
MR
(ksi)
ECS
MR
Ratio
Visual
Stripping
(%)
0 10.3 98.3104.3 1.00
1 8.6 95.389.8 0.86
ORBU-02A 12.5 2 9.0 98.791.2 0.870-5%
3 9.3 96.096.8 0.93
4 9.3103.090.8 0.87
0 12.2 96.5126.1 1.00
1 8.3 99.083.8 0.66
ORBU-03 B 12.5 2 8.9101.787.6 0.690-5%
3 8.9 96.592.7 0.73
4 8.1 99.681.4 0.65
2.0
1.8
Average ECS Modulus Ratio after 3 cycles = 0.83
Average ECS Modulus Ratio after 4 cycles = 0.76
w 0.6
0.4
0.2
-1E- ORBU-02 -v- ORBU-03
0.0
0
60°C 60°C 60°C -18°C
1 2 3
Cycle
ECS Modulus Ratio Results
4
FIGURE B-3: 1994 ECS Data (continued)2l0
Mix 94AB-1: Mt. Hood - Long Prairie Rd.
Contract No. 11400
Additives: Lime 1.0%
Asphalt: PBA-6 Asphalt Content = 6.0%
Specimen
ID
ECS
System
Air
Voids
(%)
Cond.
Cycle
ECS
Stress
(psi)
ECS
Strain
(micro)
ECS
MR
(ksi)
ECS
MR
Ratio
Visual
Stripping
( °/)
0 13.3103.2128.4 1.00
1 11.6 99.1117.1 0.91
ORBX-02A 2 11.7101.2115.2 0.900-5%
3 11.6 98.0118.1 0.92
4 12.3101.9120.9 0.94
0 6.8100.368.0 1.00
1 6.3 95.566.3 0.98
ORBX-04B 2 7.0102.967.8 1.000-5%
3 6.5 97.966.7 0.98
4 6.7 95.270.5 1.04
Average ECS Modulus Ratio after 3 cycles = 0.95
Average ECS Modulus Ratio after 4 cycles = 0.99
2.0
1.8
1.6
1.4
1.2
1.0
0.8
0.6
0.4 ORBX-02 ORBX-04 -v-
0.2
60°C 60°C 60°C -18°C
0.0
0 1 2 3
Cycle
ECS Modulus Ratio Results
4
FIGURE B-3: 1994 ECS Data (continued)TABLE B-1: "F" Mixture Highway Milepost Log.
CONTRACT JOB NAME YEAR HIGHWAY
NAME
HWY
#
MILES M.P. M.P.
C 11037Dist 5 Overlay Project 1991Various 5.23 3.13
C 10751District 7 Overlay Project 1989Various 2.95 274.60 277.55
C 10763Dist. 3 Paving Project 1989Various 6.67 23.36 30.03
C 11037Dist 5 Overlay Project 1991Various 20.31 22.59
C 115-1557Antioch Rd. Crater Lk. Hwy. 1985
C 10256District 5 Paving Projects 1986Various
C 9812Days Creek Truck Scales 1984
C 9993S. Frk. Coquille Rv.- R.R. Ave. 1985
C 9783Wild Park Lane Reeves Cr. 1984
C 10006Dist. 8 Paving Project 1985Redwood
C 10761Dist. 5 Overlay Project 1989Various 12.64
C 9972Clover Lane - Neil Creek Rd. 1985
C 11065Jump Off Joe-N.Grants Pass 1991Pacific 1 8.91 67.11 58.20
C 10941Haysville-Battle Cr.Inlay Salem 1990Pacific 1 9.59 259.09249.50
C 11038Santiiam Rv.(S.B.) Bridge 1992Pacific 1 1.24 241.44 240.20
C 11334Santiam Rv,N Bound Br. Sec 1993Pacific 1 1.38 240.60241.07
C 10980N. Jeffersn Intch-N Albny Intch 1991Pacific 1 9.80 234.23 244.49
C 11294Halsey Intr. Lane Cnty Line Sec 1993Pacific 1 12.59 216.14 203.55TABLE B-1: "F" Mixture Highway Milepost Log (Continued).
CONTRACT JOB NAME YEAR HIGHWAY
NAME
HWY
#
MILES M.P. M.P.
C 10989Winchester Int. N.B. Ramps 1991Pacific 1 0.62 129.43 129.21
C 10963Sutherlin Int.-Garden Vly Blvd. 1991Pacific 1 11.76 124.80 136.27
C 10952W. Marquam Int.-N.Tigard Int. 1990Pacific 1 5.29
C 10749Suver- Thousand Oak Dr Sec 1989Pacific Hwy W. 01W 7.01 70.50 77.51
C 11300Perrydale Rd-Crowley Rd 1993Pacific West 01W7.90 46.74 54.40
C 11138Belt line Hwy-Barger Av(Eugene) 1992Pacific Hwy W. 01W 1.28 118.24 119.52
C 10961Brookman Rd-Garland Rd N. 1991Pacific Hwy W. 01W2.00
C 10939Corbett Intchg.-Multnomh Fls. 1991Columbia R. 2 93.01 22.34 31.00
C 11087Ne. 181St Av-Troutdale Overlay 1991Columbia R. 2 3.01 13.83 16.84
C 11256Rufus-Arlington (W.Unit) 1993Columbia R. 2 15.54 128.76 129.30
C 10949Rufus-Arlington (E. Unit) 1991Columbia R. 2 12.70 125.50 138.20
C 11245Umatilla - Mc Nary 1993Columbia R. 2 3.10 182.60 185.70
C 10926Rainier- Tide Creek 1990Columbia R.
Hwy(Lower)
02W11.58 36.50 46.55
C 11276Green Sprngs Hwy-Mdlnd Hwy 1993The Dalles-CA 4 2.71 277.79280.50
C 11351Klamath Fls,Malin,Green Springs 1993The Dalles-CA 4 5.47 272.35277.37
C 11351Klamath Fls,Malin,Green Springs 1993The Dalles-CA 4 11.20 280.50291.70
C 10743Chemult- Lenz Rd. Sect. 1990The Dalles-CA 4 17.08 203.85 220.93
C 11331Fremont Jct. - Hackett Drive 1993The Dalles-CA 4 7.30 169.90 177.20TABLE B-1: "F" Mixture Highway Milepost Log (Continued).
CONTRACT JOB NAME YEAR HIGHWAY
NAME
HWY
#
MILES M.P. M.P.
C 10766Hackett Dr.- Gilcrest 1989The Da lles-CA 4 6.20 177.00 183.20
C 10462Murphy Rd.- Lava Butte 1989The Dalles -CA 4 5.44 141.50 150.80
C 11210Norwood Rd-Pwrs Rd(Bend) 1992The Dalles -CA,
Powel Butte
4 5.24 135.43 140.67
C 10672Redmond Bend(South Unit) 1989The Dalles -CA 4 2.09 132.66 134.75
C 11104Redmond-Bend(N. Unit) 1992The Dalles -CA 4 9.23 123.18 132.41
C 11104Redmond-Bend (N.Unit) 1992The Dalles -CA 4 9.23 123.18 132.41
C10850O'neil Jct.-Redmond Couplet 1990The Dalles -CA 4 2.09 120.26 118.43
C 11009Terrebonne-O' Neil Jct 1991The Dalles-CA 4 3.30 115.20 118.40
C 11210Norwood Rd-Pwrs Rd(Bend) 1992The Dalles-CA,
Powell Butte
4 7.57 0.00 7.57
C 9652Lenz Rd. - Forge Rd 1984The Dalles-CA 4
C 9652Lenz Rd. - Forge Rd. 1984The Dalles-CA 4
C 11015Williamson Rv.-Modoc Pnt. 1991The Dalles-CA 4 2.26
C 10874Forge Rd-Lobert(S. Unit) 1990The Dalles-CA 4 2.70
C 10972Forge Rd-Lobert(N. Unit) 1991The Dalles-CA 4 8.40 241.22251.64
C 10924Farewell Bend- Olds Ferry Int 1991Old Oregon Trail 6 2.78 355.77 352.99
C 11170Durkee Interchange 1993Old Oregon Trail 6 14.97 327.15 342.12TABLE B-1: "F" Mixture Highway Milepost Log (Continued).
CONTRACT JOB NAME YEAR HIGHWAY
NAME
HWY
#
MILES M.P. M.P.
C 10930Baldock Slough-S Baker Intchg 1991Old Oregon Trail 6 9.62 297.10306.72
C 11119E. Pendleton Intch.-Emgrant Hill 1992Old Oregon Trail 6 4.69 213.04 217.73
C 9645S. Baker Durkee 1984 6
C 10974Farwell Bend- Old Ferry Int. 1990Old Oregon Trail 6 2.78
C 10425Powell Butte Jct-Arnold Ice Cv Central Oregon Hwy 7 814.00 4.30 12.44
C 11048OCI Access Rd-Stanton Blvd Int 1991Stanton Blvd(County
Rd)
7 2.23
C 11296Brooton Rd-Little Nestuca Rv Br 1993Oregon Coast 9 1.65 90.33 91.98
C 11253Pleasant Vly-Green Timber Rd 1993Oregon Coast 9 1.03 75.08 76.11
C 10681Simmons Cr.- Pleasant Vly Rd. 1989Oregon Coast 9 1.42 71.57 72.99
C 11305Nedonna Beach Rd-Barview 1993Oregon Coast 9 5.40 48.60 54.00
C 11205Arch Cape Tunnel-Short Sand Cr 1992Oregon Coast 9 3.19 35.91 39.10
C 10599Cape Sabastion- Myers Cr Rd 1988Oregon Coast 9 1.75 334.75 336.50
C 11298Dist 7 Overlay Project 1993Various 9 0.28 280.82280.10
C 11298Dist 7 Overlay Project 1993Various 9 2.60 224.40227.00
C 10673Longwood Dr.- Winchester Way 1989Oregon Coast 9 1.41 213.60 215.01
C 11298Dist 7 Overlay Project 1993Various 9 0.55 1.70 2.25
C 11207Passmore Rd-Bayshore Dr 1992Oregon Coast 9 7.37 147.38 154.75
C 11333Depoe Bay Rd-NE 54th St 1993Oregon 9 9.92 127.60 137.53TABLE B-1: "F" Mixture Highway Milepost Log (Continued).
CONTRACT JOB NAME YEAR HIGHWAY
NAME
HWY
#
MILES M.P. M.P.
C 9781Gold Beach Sebastion Pk. Rd. 1984Oregon Coast 9
C 11034Dist. 7 Paving Project 1991Oregon Coast 9 6.49
C 10870Dooley Br.- Cannon Beach 1990Oregon Coast 9 1.58
C 9987Euchre Cr.- Ophir Rest Area 1985Oregon Coast 9
C 10446Sutton Lake - Florence 1988Oregon Coast 9 5.50
C 10948Imb ler-Elgin (Pass Lane) 1992Wallowa Lake 10 2.21
C 11213Pacific Hwy-42nd St.(Springfield) 1993Eugene-
Springfield
15 3.50 4.00 7.50
C 11243Mc Kenzie Hwy Passing Bays 1993Mc Kenzie 15 1.43 21.98 38.49
C 9776Q St. A St.(Springfield) 1984 15
C 10827Mc Kenzie Hwy At Mp. 14.5 1990Mc Kenzie 15 0.45
C 10827Mc Kenzie Hwy At Mp. 14.5 1990Mc Kenzie 15 0.45
C 9978Springfield - Leaburg 1985Mc Kenzie 15
C 11222Sisters- Tumalo 1993Mc Kenzie- Bend 17 12.60 0.00 12.60
C 11270Deschutes River - US 97 1993Mc Kenzie-Bend 17 3.13
C 11271Deschutes River-US 97 1993Mc Kenzie-Bend 17 3.13 14.91 18.04
C 10770Passing Lanes Hwy 97 1990Mc Kenzie-Bend,
The Dalles -CA
17 6.10
C 10465Lower Salt Cr.- Upper Salt Cr. 1987Willamette 18 4.91 36.76 41.70TABLE B-1: "F" Mixture Highway Milepost Log (Continued).
CONTRACT JOB NAME YEAR HIGHWAY
NAME
HWY
#
MILES M.P. M.P.
C 10881Rattlesnake Cr.- Wheeler Rd. 1990Willamette 18 0.60
C 10938Salmon Cr.(Oakridge) Bridge 1991Willamette 18 0.55
C 11331Freeman Jct-Hackett Dr. 1993The Dalles -CA 19 7.23 169.87 177.10
C 10704Emigrant Creek - M.P.4 1989Fas-A346(Dead Indian
Rd.)
20 3.10
C 10760Hayden Mountain Pass Sect. 1989Greensprings 21 10.30 32.97 43.27
C 11188Dist. 8 Overlay 1992Green Springs, Rogue
Vly
21 0.95 20.9221.87
C 10239Jenny Cr.- Parker Summit 1986Green Springs 21
C 10818Kern Swamp Rd-Weyrhausr Rd 1990Green Springs 21 3.00
C 10818Kern Swamp Rd.Weyerhauser Rd. 1990Green Springs 21 3.00
C 10433District 8 Paving 1987Crater Lk &
Greensprings
21
C 15 Misc.Hwy 62- M.P. 40 1993Butte Falls Rd 22 4.00
C 10649Trail-Casey(East Unit) 1989Crater Lake 22 2.09 26.90 28.90
C 15 Misc.M.P. 40 Crowfoot Rd. 1992Butte Falls Rd. 22
C 11192Minnie Cr.-Butcher Knife Cr. 1992Redwood 25 5.24 9.08 14.32
C 10726Clackamas/Borng Hwy-362nd Dr 1989Mt. Hoot 26 2.44 19.96 22.74TABLE B-1: "F" Mixture Highway Milepost Log (Continued).
CONTRACT JOB NAME YEAR HIGHWAY
NAME
HWY
#
MILES M.P. M.P.
C 10883Corvallis E.C.L.-N.W. Rondo St. 1990Albany-
Corvallis
31 6.10 1.38 7.48
C 10833Corvallis E.C.L. N W. Rondo St. 1990Albany- Corvallis 31 6.10 1.38 7.48
C 10917Corvallis By-Pass (S.Unit) 1990Corvallis- Newport 33 1.04 56.79 55.75
C 10598Glen Aiken Cr.- Grey Cr. 1988Coos Bay- Roseburg 35 1.40 15.15 16.55
C 10653Camas Mt. Wayside- Muns Creek 1989Coos Bay- Roseburg 35 3.54 58.53 62.07
C 10846Camas Vly-Camas Mt Wayside 1991Coos Bay-
Roseburg
35 4.83 54.23 59.06
C 11291Remote Campground-Slater Cr 1994Coos Bay-
Roseburg
35 6.12 38.25 46.00
C 11110Myrtle Point S.C.L. Powers Jct. 1992Coos Bay-
Roseburg
35 1.50 21.83 23.33
C 10719N Fork Coquille Rv. Myrtle Point 1989Coos Bay- Roseburg 35 0.84 19.61 20.45
C 10866Grey Creek- N. Fork Rd. 1990Coos Bay- Roseburg 35 2.85 16.60 19.45
C 11013Coquille Reroute 1993Coos Bay-
Roseburg
35 1.74
C 10839Hoover Hill Rd.-Brockway Rd. 1990Coos Bay- Roseburg 35 1.03
C 11297Pacific Hwy W.-Gateway St. E 1993Beltline 36 6.82 6.11 12.93
C 10843Slick Rock Cr.-Sulphur Cr. 1990Salmon River 39 3.98 5.60 9.58
C 11228Airport Rd-Pacific Hwy 1993Salmon River 39 4.65 48.00 52.65TABLE B-1: "F" Mixture Highway Milepost Log (Continued).
CONTRACT JOB NAME YEAR HIGHWAY
NAME
HWY
#
MILES M.P. M.P.
C 10778Fort Hill- Wallace Bridge 1990Salmon River 39 2.63 24.23 26.86
C 10788Rose lodge- Polk Cnty Line 1990Salmon River 39 1.90
C 10991Salmon Rv Hwy, Three Rv Hwy 1993Salmon River 39 0.04 22.89 23.33
C 10992Sawtell Rd - M.P. 29 1992Salmon River 39 1.61 27.82 29.43
C 11364Ochoco-Summit-M.P.60.5 1993Ochoco 41 10.34 60.50 71.25
C 11189MP 34.0 -MP 45.0 1992Ochoco 41 11.35 34.05 45.40
C 10432Weatherly Cr.- Grab Cr. Sec. 1987Umpqua 45 2.38 22.75 25.13
C 10852Rock Cr. - Anlauf Section 1990Umpqua 45 2.23 53.94 56.17
C 11035Umpqua Wayside-Elkton Umpqua 45 4.00 32.07 36.07
C 11187Golden Cr.-Weatherly Cr. 1992Umpqua 45 2.58 20.10 22.68
C 11087Golden Cr-Weatherly Cr. 1991Umpqua 45 2.58 20.10 22.68
C 10863Scottburg- Wells Cr. Sec. 1990Umpqua 45 3.00 16.50 19.50
C 10923Hancock Hill Passing Lane 1991Umpqua 45 1.08
C 11163Saddie Mt. Jct.-Coast Range 1992Sunset 47 4.20 9.80 14.00
C 11302Cedar Hills Blvd Int Auxilry Ln 1993Sunset 47 1.37 68.11 68.67
C 11342Maller Rd-Glencoe Rd Sec. 1993Sunset 47 5.11 52.30 57.40
C 11229Wolf Cr- W. Fork Dairy Cr. 1993Sunset 47 9.02 37.41 46.43
C 10750Coast Range Sumit-Jewell Jct. 1989Sunset 47 7.62 14.05 21.67TABLE B-1: "F" Mixture Highway Milepost Log (Continued).
CONTRACT JOB NAME YEAR HIGHWAY
NAME
HWY
#
MILES M.P. M.P.
C 11341Klamath Falls, Ma In, Lakvew, Hatfld 1993Klamath Falls-
Malin Hwy
50 1.49 3.78 2.29
C 11220Easide Bypass(Klamath Falls) 1993Klamath Falls- Malin50 4.78 16.82 12.24
C 10780Frog lake-M.P. 83.0 Sect. 1990Warm Springs 53 16.98 71.00 83.00
C 11269M.P.66.9 Jct Wapinita Hwy 1993Warm Springs 53 4.35 66.90 62.55
C 11270Kah-Nee-Ta Jct-Pelton Dam Rd 1993Warm Springs 53 5.91 105.29 111.20
C 11360Kah-Nee-Ta Jct.Pltn Dam,W Unit 1993Warm Springs 53 2.19 103.01 105.20
C 11237Trail-Casey St Park (W.Unit) 1994Crater Lake 62 4.16 22.75 26.91
C 10805Forest Boundary- River Rd Sec. 1990Florence- Eugene 62 1.04 12.30 11.30
C 10787Penn Rd.-Cougar Pass Sect. 1990Florence - Eugene 62 0.61
C 11043Phoenix-Vly View Rd Sec 1991Rogue Valley 63 5.15 11.88 17.03
C 10210Jackson County Overlay 1986Jacksonville 63
C 10455N.E. Wasco - S.E. Division St. Cascade Hwy N. 68 1.86 2.38 4.24
C 11194Pacific Hwy W.-Gateway St. 1993Belt line 69 6.68 6.25 12.93
C 10620District 6 Overlay 1988North Umpqua 73 4.20 62.00 66.20
C 10754Fish Cr.- Chinquapin Cr. 1989North Umpqua 73 6.45 56.00 62.45
C 11165Boulder Flat-Fish Cr. Br. 1993North Umpqua 73 3.30 52.33 55.63
C 10899Susan Cr.- Wright Cr. Rd. 1990North Umpqua 73 6.32 27.88 34.20
C 11278Susan Cr.-USFS Boundary 1993North Umpqua 73 2.12 28.67 30.79TABLE B-1: "F" Mixture Highway Milepost Log (Continued).
CONTRACT JOB NAME YEAR HIGHWAY
NAME
HWY
#
MILES M.P. M.P.
C 10979Stump Lake-Windigo 1993North Umpqua 73 6.70 67.18 73.88
C 11021Spring Vly Cr-Salem Towne 1991Salem-Dayton 150 4.70 12.60 17.30
C 10964N.Santiam-St. Park-Mill Cty 1992N. Santiam 162 4.09 24.62 28.71
C 10905Spangler Hill-Mulino 1991Cascade Hwy.S. 160 2.91 8.07 10.71
C 11328Pacifc Hwy E.-Clackms Cnty Line 1993Woodburn-Estacada 161 2.59 0.04 2.63
C 11303ECL Gates-Little Sweden Sec 1993North Santiam 162 4.20 34.20 38.40
C 11095Mill City- Gates 1992N. Santiam 162 3.58 30.03 33.61
C 10777Little N. Fork Rd.- M.P.25 1990North Santiam 162 1.80 23.20 25.00
C 10951Fir Grove Lane-Towers Road 1991North Santiam 162 2.90
C 10790Mill City- Gun Cr. Sect. 1990North Santiam 162 5.98
C 10927Lava Lk Medows Rd-Santiam Smt 1991N. Santiam-
Santiam
162 7.71 77.80 80.40
C 10872District 5 Overlay Projects 1990Various 209 7.71
C 11254Riverside Dr.-Lake Creek 1993Corvallis-
Lebanon
210 3.26 3.04 6.30
C 11152Willamette Rv.-Riverside Dr. 1992Corvallis-
Lebanon
210 3.33 0.28 3.61
C 11304E.Courtney Cr. Bridge 1993Halsey-
Sweet Home
212 0.24 3.11 3.35TABLE B-1: "F" Mixture Highway Milepost Log (Continued).
CONTRACT JOB NAME YEAR HIGHWAY
NAME
HWY
#
MILES M.P. M.P.
C 10601Hendricks Rd.- Pacific Hwy 1988Springfield- Creswell222 2.96 11.63 14.59
C 1128542nd St.-Mc Kenzie Hwy 1993Eugene-
Springfield
227 2.49 7.47 9.96
C 11287Dist 6 Overlay Project 1993Umpqua & Elkton-
Sutherin
231 3.75 0.00 3.75
C 11324Sams Vly Hwy Jct-Shady Cvr.N 1993Crater Lake 234 2.94 18.56 15.62
C 11265Catching Slough Bridge 1993Coos River 241 0.72 1.74 2.46
C 10566Crater Lake Hwy- Brownsboro 1988Lake of the Woods 270 8.22 0.00 8.22
C 10607Sams Vly. Hwy, Table Rock 1988Sams Valley 271 0.14 10.68 10.82
C 10600Johnson Cr.- Cameron Rd. 1988Jacksonville 272 14.80 9.20 24.00
C 10864Applegate Rv. Bridge M P.9.2 1990Jacksonville 272 3.02 6.18 9.20
C 10867NCL Jacksonville-Riverside 1990Jacksonville 272 4.77 34.03 38.80
C 10757Poormans Cr. Sect. 1989Jacksonville 272 3.10 25.90 29.60
C 11077Kiwa Springs-Mt. Bachelor 1992Century Drive 372 10.47 21.62 11.15
C 11077Kiwa Spring-Mt Bachelor 1992Century Drive 372 10.47 11.15 11.15
C 11351Midlnd,Cal.,Moppc Pnt, Chiloquin 1993& Chiloquin 422 14.30 257.60271.90
C 11197Dist. 7 Overlay 1992Ore Coast,Coos
Bay-Roseburg
009,
035
0.52 234.50235.02TABLE B-1: "F" Mixture Highway Milepost Log (Continued).
CONTRACT JOB NAME YEAR HIGHWAY
NAME
HWY
#
MILES M.P. M.P.
C 11197Dist. 7 Overlay 1992Ore Coast,Coos 009,03.20 281.30284.50
Bay-Rosburg 35
C 11162Youngs Bay Br-Warrenton 1992Ore Coast & Lower009 &4.62 4.15 97.07
Columbia Rv 02W
C 10840Pltn Dam,Rimrk Ranch,Jefrsn Co 1990The Dalles -CA, 004,23.80 91.90 115.70
Warm Sprngs 053
C 9799S.P.R.R. O'xing Sec. 1984SpringfieldCreswell222 14.40 0.00 14.41
C 11044Dist 4 Overlay Project 1991Pacifc W.- Corvallis01W, 5.31 79.75 82.60
Newport 033223
TABLE B-2: 1994 "F" Mixture Visual Survey.
Highway Problems'
US 217 E-mix raveling
Causes: Cold weather, mix design
US 26 (SH2 047) F-mix (doesn't look like it)
MP' 57-52 Some slick areas
Not a problem job
No rutting. May need a fog seal
US 26 (SH 047) Problem job
MP 36-47 Several slick areas
Problems: High asphalt content and
fines
Several areas ground out. Claim filed
by contractor
US 30 (SH 002W) Not a problem job
MP 36-47 A few fat spots
No rutting
US 26 (SH 026) Raveling
Snow plow damage
1-84 (SH 002) No problems
MP 22-31
1-84 Looks good
Rowena- US 97 Complaints: some fat spots
Just constructed
1-84 No reported problems
Rufus-Arlington W. Unit Tight surface
MP 110-125
1-84 No reported problems
Rufus-Arlington E. Unit 1/8" rutting
MP 127-137
Columbia River Highway Rutting/flushing due to excess oil
SH 084 Rut depths of 1/8" to 3/8"
MP 183-186
1-84 No problems
E. Pendleton- Emigrant Hill Looks a little tight
Some rutting (<1/4")
US 26 (SH 041) Constructed 1993
Ochoco Summit-605 No problems
F-mix (2")224
TABLE B-2: 1994 "F" Mixture Visual Survey (continued).
Highway Problems
US 26 (SH 041) Settlement problems
OGEM Otherwise looks good
Mitchell -Keys Creek Summit
SH 041 No problems
MP 45-34 Not in database
US 97 No problems
Redmond-Bend W. Unit 1/4" rutting
MP 123-132
US 97 Reported raveling
Redmond-Bend S. Unit Rutting problems
MP 132-135 3/4" rut track
3/4" rut passing
US 97 No reported problems
Norwood Rd-Powers Rd
(through Bend)
Looks good
US 97 Constructed 88/89
Murphy Rd-Lava Butte No reported problems
US 97 No reported problems
Hackett Dr.-Gilchrest Constructed 1989
MP 177-183 Inlay
US 97 Inlay
Hackett Dr.-Gilchrest
MP
US 97 Constructed 1990
Chemault-Lenz Rd. Sand sealed
MP 203-221 Thermal cracks
Some raveling/fat spots
US 97 Stripping problems
Lobert Rd-Forge Rd Constructed 1991
MP 241-251 Lots of fat spots
Diamond Lake Constructed 1976
OGEM Needs an overlay
US 138 Constructed 1993
Umpqua Highway No problems
Stump Creek- Windigo
NIP 67-74225
TABLE B-2: 1994 "F" Mixture Visual Survey (continued).
Highway Problems'
US 138 Constructed 1993
Susan Creek-USFS Boundary Open texture
No problems
'Survey conducted by R. Gary Hicks, Professor, Oregon State University,
and Jeff Gower, Pavements Engineer, Oregon Department of
Transportation
2SH- Oregon Departmentof Transportation Highway number
'MP- Milepost